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PREFACE

One approaches the writing of a preface of tiiis nature

with very mixed feelings. Since this wtjrlc was first

mooted, two years ago, many clianges liave taken place,

and I am afraid that it has not been possible strictly to

follow the lines originally laid down for the treatment of

the book. During the War, of course, vast forward steps

were made in scientific and technical matters. Actually,

however, the motor industry and motor designs were in

1918 substantially as in 1914, because such matters as

progi'css and economy were subordinate during the War
period to steady and continued output and mechanical

trustworthiness. At the same time we were justified in

believing that the first year of peace would see almost

revolutionary changes in design.

The air was fidl of rumours and coiuiter-rumoiu-s. There

were not wanting authorities who maintained, with a

recent but crowded experience of air-cooled aeroplane

engines to support their contentions, that the enormous

progress made in aircraft engines during the la,,t three

years of war would be repnjduced in motor construction,

and so, they argued, the water-cooled ear engine, for

various reasons, was a doometl unit. Others there were

who contended that the air-cooled aero-engine had not

even the slightest relationship, nor could it have, to the

unit needed for car practice. There were enthusiastic

designers with schemes for displacing the more orthodox

air and Avater-coolcd units with rotary and other types. We
V
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were threatened with an enormous mvasion of super-

efficient ears originating on tlie Continent and in the United

States. The English motorist had been led to regard the

1914 tj^pe of motor ear as obsolete, and it is hardly too

mueh to say that he looked forward to ears in 1919 which,

among other things, would be half as light as the older

vehicles, would cost something like half as much to buy,

and wherein fuel, oil, tyre and upkeep costs generally

would be negligible factors.

]\Iotor car manufacturers who announced that they

proposed building simply improved versions of their 1914

chassis were subjected to ridicule, and termed inefficient,

narrow-minded, and behind the times. Designers and

works engineers, generally, with four years of Government

work to upset them—work in which money was of no

account and production was everything—contemplated

installing hundreds of thousands of pounds' worth of ultra-

modern machinery : they planned new chassis and talked

of car productions reaching five, ten, and fifty thousand

annually.

The first shock to the public came when motor car

prices practically doubled ; but the manufacturers them-

selves had a very severe shock when it was found that

raw materials were almost unobtainable, that modern

machinery was not to be had for anj' consideration, and

that labour, both skilled and unskilled, was very much
out of hand. Furthermore, a valuable lesson was taught,

even to the old-established factories, when they found

that although a new design of car could be laid out on

the drawing board in the course of a month or so, it was

necessary to build the first chassis entirely by hand—

a

process involving months of untiring and continuous

effort, and that when this chassis had been produced, road

tests demonstrated weaknesses here and there which
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involved a return to the workshop for alterations and

adjustment. It was, obviously, no use setting out the

plant for quantity produetion of any car until all the

details had been finally settled and arranged ; and while all

this experimental work in building and testijig was going

on, the hard fact remained that overhead expenses, on a

scale never previously anticipated, sent up the cost of

car production by leaps and bounds. IMeanwhile an

impatient pul^lic was clamouring for the finished products.

Makers could hardly be blamed, then, for abandoning

much slow and costly experimental work and devoting

themselves entirelj^ to producing only those cars which

previous experience indicated would be satisfaetor\' in

the hands of users. The position now, in 1921, is that

many of the ideas and designs of early 1919 have vanished,

and we have products that are substantiall}' 1914 designs,

but vastly imjDroved in detail.

The writer of technical books, of course, has suifcred in

similar conditions. It was hoped when this book was

first begun that the contributions of the various authorities

and experts would set a new line of thought in many

directions. But, as a matter of fact, two years of experi-

ence have pr(_)\'ed that many new ideas arc not sound in

practice, and so a return has had to be made to the older

reason. Nobody is more fully aware of the defects and

weaknesses of this present volume than the present writer.

Whatever merits the work may have are due entirely to

the magnificent work of colleagues and contributors,

amongst whom I would like particularh' to mention

Dr. H. S. Hcle-Shaw, who writes the, article dealing with

Clutches ; Captain E. Dodson, who writes on Carbura-

tion ; Mr. David J. Smith, wlio is responsible for the

chapters on Producer Gas and Steam Cars ;
Captain

W. G. Aston, who is responsible for the articles dealing



viii PREFACE

with Car Transmission and Electric Equipment ;
Professor

John Armstrong, who has dealt with Axles, Steering-

Gears, and Brakes ; Captain E. de Normanville, who

has written aJDOut Gearboxes; Mr. R. P. Hcarne, Avho

is responsible for the Engine Sections ; Mr. Chester S.

Ricker, the well-known American authority, who has

very kindly come to my aid in compiling a contribution

on American Electrical Apparatus ; Mr. A. W. Jvidge,

who is responsible for the chapter dealing with X-rays

in Motor Car Repairs ; Mr. G. D. Dean, of the Legal

Department of the Royal Automobile Club, who writes

on the Legal Aspect ; and Mr. F. Piesse, who has contri-

buted an important section on Coachwork.

I should like to go out of my way to give special thanks

to a colleague and assistant of mine, Mr. F. L. M. Harris,

who began his work on the book somewhat late in the

day, it is true, but whose help has proved invaluable in

the detailed trouble of collation, correction, and condensa-

tion. The many calls on my own time seemed likely at

one period indefinitely to delay publication, and it was at

this time that Mr. Harris came so whole-heartedly and

enthusiastically to my aid.

A number of motor manufacturing concerns have proved

exceptionally generous in the matter of allowing access

to their drawings, photographs, and records, and I should

particularly like to pay acknowledgment to the help

afforded by AVolscley Motors ; De Dion Bouton, Limited ;

the Sunbeam Motor Car Company, Limited ; the Darracq

Motor & Engineering Company, Limited ; Rolls-Royce,

Limited
; F. W. Berwick & Company, Limited ; Vauxhall

Motors, Limited
; the Daimler Company, Limited, and

other concerns without whose interest it would have been

impossible to produce the work. So many firms were of

assistance in dealing with the auxiliary branches of various
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subjects that it is impossible for me to make individual

mention, but I should like to thank particularly Ilarvey

Frost & Company, Limited, H. M. Jfobson, Limited, S.

Smith & Sons, and C. A. Vandervell & Company, Limited.

The work, in spite of its many deficiencies, will, I think,

prove, if only because of the authoritative writings of its

contributors, a valuable record of contemporary motor

car practice.

W. H. Beeky.

London, 1921.
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moder^Tmotor gar practice

INTRODUCTORY

So many claims to the first invention of the motor car
have been made on behalf of both individuals and coun-
tries, that it is well to go back through the early history

of mechanical traction in the endeavour to discover to

whom actually belongs the credit for the genesis of the

modern automobile. In the pursuit of this task it should
be made clear that many of the early inventors, who
succeeded to some extent in partially solving the problems
surromiding the evolution of the mechanically-propelled

road vehicle, fail to establish a claim by reason of the fact

that they sought their solution in a motive power other

than by the combustion of a volatile gas within a working
cylinder. To these we can give all credit in the proper

place, but the task in hand at the moment is to award
due credit for the first invention of a road vehicle pro-

pelled by an internal combustion engine. When we have

established this, we have placed ourselves in a position

to follow the development of the car as we know it to-day,

through all the various stages of its existence.

It is perfectly true that steam and electricity arc still

used in the propulsion of certain types of road vehicles,

mostly of the heavy class. As a matter of fact, electricity

is the motive power in quite a number of light vehicles

of the town carriage type, but with a single exception their

production is limited to the United States. Electricity

as a motive power has not succeeded in the retention of

popular favour in Europe, in so far as the lighter vehicles

1
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are concerned. Even in the heavy class, there are but few

examples.

Steam is in the same position, and while there are

several excellent types of steam-propelled heavy vehicles,

not a single steam car of the light passenger class is made

in Europe, and only two in America. Therefore, we are

justified in pursuing the hne of historical research through

the internal combustion engined class alone. Let it be

clear that this is not for a moment intended to be deroga-

tory to the splendid work carried out by such students

and experimenters as Murdock and Trevethick in England,

and Cugnot, who undoubtedly produced the first self-

propelled road carriage in France. They will come into

the picture in their proper order and place.

It has in late years been established beyond the shadow

of a doubt that the first internal combustion engined car,

driven by the explosion of benzene vapour in the working

cylinder, was constructed by a German, one Siegfried

Markus, of Malehin, in the Grand Duchy of Mecklenburg,

who died so recently as 1899. It is said that he had

completed a car, which ran successfully, in 1864, though

as this vehicle does not appear to have performed publicly

it is probably unsafe in the interests of historical accuracy

to allow the claim in respect of this early date. We find,

however, that he had actually completed what is said to

have been his second car in 1868, and it is certainly the

case that there is in existence a photograph of this car

taken in 1870. Three years later, in 1873, it was exhibited

at the Vienna Exhibition and is actually now, or was
immediately before the war, in the possession of the

Austrian Automobile Club. Incidentally, it should be

remarked that between its first appearance and its exhibi-

tion at Vienna it had been very much improved, and
seems to have been quite a practical vehicle, even though
it was contrived from a hand-cart, of which the two rear

wheels had been removed and the " fly-wheels " of the

benzene motor substituted.

Obviously, it was an exceedingly crude conception, but
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the fact remains that it was a motor car, within the most
hteral meaning of the term, and that it was a practical

one, inasmuch as we know from contemporary authorities

that it actually ran on the roads. Like all the pioneers

of automobilism, Markus seems to have suffered some
persecution at the hands of the populace and the police.

He was wont to test his vehicle by night, on the roads

near his native town
; but owing to the sensation it

caused, and the fact that crowds of people came long

distances to see the wonder, the police stepped in and

forbade its use on the ground that it was a public nuisance.

The claim of Markus to the first invention of the petrol

engine was the subject of an investigation by a commis-

sion of the Automobile Club de France, but this commission

does not appear to have gone very deeply into the ques-

tion, because they awarded the distinction to Lenoir,

whose engine was first produced in 1862. Ten years later

the Government of Mecklenburg made a very close investi-

gation of the whole subject, and seems to have established

the fact that Markus's first engine was completed in 1860,

thus antedating Lenoir by two years at least.

For some twelve years after the exhibition of the Markus

invention at Vienna, very little seems to have been done

towards developing what was obviously regarded by

contemporary opinion as a vehicle of no more than

academic interest. There succeeded a period during

which a great deal of research work was undoubtedly

done, but few, if any, practical results were evolved. One

consequence of this is that the modern motor car in its

first practical form appears to have been almost simul-

taneously produced by several inventors, on whose behalf

originahty of design has been hotly claimed by their

supporters. Careful investigation of the claims, however,

would seem to incline the balance of opinion in favour of

an English investigator.

Edward Butler undoubtedly designed a vehicle of the

tri-car type as early as 1883 and patented it in the follow-

ing year, though it was never completed. The drawings
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of this machine were exhibited at the Stanley Cycle Show

in 1884, and at the Inventions Exhibition at Kensington in

1885. This is sufficiently proved by the fact that Butler's

was the first recorded case in which the Board of Trade

gave protection to an exhibited invention of which the

patents had not been completed.

In a somewhat improved form this vehicle was built

and completed in 1885, and was certainly a most inter-

esting production in that it manifested in a crude form

of course, many of the refinements of the most modern

practice. It had a two-cylinder engine, working on the

double-acting principle, the charge being ignited by the

spark generated by a magneto. Another Butler vehicle

Avas designed two years later, the patents being dated

November 1887, and so well was this received that a

syndicate was formed to exploit it, but the restrictions of

the highway laws were so rigid that it was felt the inven-

tion had no commercial possibilities and the syndicate was

dissolved. This happened exactly nine years before the

Locomotives on Highways Act came into operation to

remove these same restrictions. Butler seems to have

persevered and to have built the vehicle which he com-

pleted in 1889.

It is interesting to note that he seems to have been

faithful to the idea of electric ignition. As already noted,

the ignition on his first car was by magneto, but the

difficulties encountered ultimately led to its abandonment.
The motor was a tiny affair, Avith a bore of 2^ ins. It was
far from efficient, and most of the power was absorbed
in driving the dynamo. Much trouble was experienced,

too, with the make-and-brcak in the cylinders, and the

magneto dynamo was replaced by a " wipe " with a
primary battery and induction coil, and this, after the
inventor had experimented with other magnetic- electric

devices, was finally adopted.

The details of this early ear are interesting. The
engine drove direct on to the hub of the single drivinc

wheel, through an epieyelie gear, giving a reduction of
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about six to one. The steering incorporated tlic now
well-known Ackerman principle, whereby both wheels are

focused to a single point. It had a tubular frame of

oval section, and 32-in. wheels shod with solid rubber
tyres. It was also fitted with what was undoubtedly the

first float-feed carburetter. On the road it was capable

of a speed range of between four and twelve miles an hour
under throttle control, and complete in running order

weighed about 3|- cwts.

Later on, another British inventor, Mr. John Henry
Knight, was to evolve a practical petrol car. As a matter
of fact, he was experimenting with steam-driven vehicles

as early as 1868, but as we are considering now the evolu-

tion of the petrol car we must leave him in the meantime
in order to regard what was being done on the Continent

while Butler was endeavouring to perfect his invention.

In 1886 Gottlieb Daimler produced his first benzene-

driven vehicle, and it has been widely claimed for him
that he was the first of the " modern " inventors of the

motor car. It has already been shown, though, that the

real credit of the original invention projDerly belongs to

Markus, while Butler was certainly ahead of Daimler in

the production of a practical self-propelled road vehicle.

Undoubtedly, Daimler scored by reason of the fact that

the German authorities were possessed of longer vision

than the reactionaries of our own countrj^, who could not

be persuaded to remove the disabilities of the " man-with-

the-red-flag " regime until twelve years after Butler had

demonstrated the possibilities of the self-propelled road

vehicle, and ten years after Daimler's car made its appear-

ance. The difference was that the British inventor was,

as we have seen, hopelessly handicapped by archaic

legislation, while the German was encouraged. Benz,

another German inventor, and Levassor in France followed

close on the heels of Daimler with tlie production of

practical internal combustion motors. Daimler and

Levassor used tube ignition, while Benz from the first

employed the electric spark. All three used a modified gas
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engine for their motors, which were of the slow-running type,

rarely exceeding a speed of 700 revolutions per minute.

The real beginning of the modern automobile industry

may be said to date from the evolution of the first of the

high-speed De Dion-Bouton engines. Count de Dion and

M. Bouton, whose names are indissolubly linked with the

whole story of modern automobile development, early

realized that something lighter and better than the slow-

running, inefficient engines of the earlier inventors was

required if the motor vehicle was to survive. The line of

investigation they pursued was that of a greater power

output, in relation to weight, by running their engines at

a higher speed. They produced the De Dion-Bouton

motor, with a revolution speed of 1,500 per minute—and
were voted almost insane by those who pinned their faith

to the earlier type. We know, however, that the De
Dion-Bouton combination was justified in its beliefs, and

that the high-speed engine rapidly displaced the slow-

speed motors of Daimler and Benz. It is curious to note

that long after the type had been finally discredited in

Europe, certain American designers, notably in the case

of the Cadillac and the Oldsmobile, to quote the names of

two cars which were well known in England at the time,

made an unsuccessful endeavour to revive it. That was
in 1903-4, since when the slow-running engine has dis-

appeared altogether from automobile practice.

There is no need to attempt to follow the many efforts

which have been made to propel road carriages without

horse traction, and of which we have records dating as

far back as 1430. Most of the earlier types were either

wind-propelled or derived their motive power from the

muscular exertions of men applied to more or less crude
forms of transmission mechanism. They were doubtless

intcrestiTig in tlieir time, but as they have absolutely no
bearing on tlie development of mechanical traction as we
understand it, they are best ignored except for the interest

carried by the early efforts to discover some better and
more controllable power unit than the horse.



INTRODUCTORY 7

It was not until the discovery by Watt, towards the

end of the seventeenth century, of the expansive properties

and latent power of steam that the possibilities of a real

solution of this age-long problem were imperfectly realized.

Sir Isaac Newton seems to have experimented with the

propulsion of a small vehicle by the reaction of a steam-

jet. His experiments were of necessity very primitive,

because of the fact that the application of steam to power-

raising purposes was of so recent discovery. At about

the same time a German inventor endeavoured to attain

the same objective by the use of a mercury motor, the

metal being alternately heated and cooled to provide the

necessary expansion and contraction. Needless to say,

his efforts achieved no practical end, though they were

without doubt characterized by remarkable ingenuity.

During the first half of the eighteenth century a number

of inventors turned their thoughts towards harnessing

steam for the propulsion of vehicles, but very little prac-

tical result seems to have accrued. Indeed, by the year

1759 no greater progress seems to have been made than

is connoted by the prophecy of one Robinson, that steam

would ultimately be harnessed to attain the end in view.

However, ten years later, a French engineer, Nicholas

Cugnot, actually produced the first steam-propelled road

vehicle. It was capable of a speed of 2J miles an hour,

with four persons on board, and could maintain this rate

of progress for about fifteen minutes, by the end of which

time the steam in the boiler was exhausted through the

small capacity of the generator. On its first pul)lic trial

this vehicle was wrecked through running into a wall.

In 1771 the French Government came to Cugnot's assis-

tance and commissioned him to build a steam tractor for

artillery haulage. It was stipulated that the vehicle was

to be capable of hauling a load of 4 J tons at 21 miles an

hour. This machine was actually built, but was never

used, though it survived the troubles of the French Revo-

lution, and is now an exhibit in the Conservatoire des Arts

et Metiers in Paris. There is a model of this highly inter-
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cstinif machine in t.lic Science MnseiUTi at Soutli Kefisin^'-

ton. The chassis is of lieavy timber, with three wlieels.

The enfrine and boiler, the latter a peculiarly shaped alTair

of C()])per, are placed in front of and over tlie front wheel.

The engine has two single-acting cylinders, and the power

is transmitted to the road wlieel through a pawl and

ratchet. Steering must have been heavy, since the whole

of the power unit moves with the front wheel, which is

both driving and steering wheel.

Jn 1784 Miirdock eoinj)leted the lirst road locomotive

made in England. This was a working model, witli a tiny

engine of .3/Mn. bore, with a stroke of two inclics, driving

to a jiair of road wheels throngh a beam and crank— the

familiar " grasshoj)per " jriotion. Not the least interesting

feature (jf this tiny engine is that it has a piston slide-

valve j)robably the lirst examjde ol' the use of this type

of valve.

A contem|)orary engineer, llichard Trevethiek, experi-

mented extensively along similar lines. lie, lunvcvcr, was

badly hampered by the Watt j)atents, which had been

drawn to cover every contingency then known. He
succeeded in producing a model road locomotive, wliich

is now in the Scienc'c Museum. The engine is of the single-

cylinder double-acting type, with a bore of I J, ins. iind a

stroke of .'}-0 ins. The cylinder is sunk in the boiler, and
has a piston-rod furnished with a cross-head working in

guides, and with con)iecting-rods working on crank-pins

n the driving wheels. In jjlaee of the slide-valve, steam
distribution to the cylinder is controlled by a four-way
cock driven by a tappet motion from the cross-head.

All these early efi'orts were jturely in the nature of ex-

periment, and we have seen that they produced nothing
more than the object lesson that it wa,s possible, on a
sn:all scale, to drive roa.d vehicles by steam. It was not
however, until the eighteenth century was nea.ring its

end that the steam road \ehie|e really came into being,

but even then it was not before a (piarter of the nineteenth
century had passed that any attempt was made to d(;ve]op

o
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tlie new locomotion as a conirnercial proposition. Sir

Goldsworth Gurncy and Walter Hancoek prodiieed steam

coaches within a few months of each other, and ran success-

ful scr\'ices over nunierrius routes in tlie Home Counties.

For a dozen years, Hancock, in piartieular, fought liard

against pjopiular prejudice and the acti\"e lir.stilit}- of the

stage-coach iiiterests, hut in the end he had to gi\'e up the

unequal fight, and motor traction remained dormant from

183G until the repeal of the " red flag" law in 1896—

a

period of sixty years. Refore Ije ga\'e up the struggle tlie

tolls on steam ear^ had been raised to £2 against the three

shillings cliargcd for stage-coaches !

Althougli the automohiie movement had gathered a fair

momentum in the closing years of the last century, the real

development did not commence until after 1900. tp to

then the work accompilislicd was vcvy largel\' experimental

and of the nature of propaganda. Races and demonstrations

had been promoted, piartly with a view to gaining experience

in design and partly as a means to the education of the

popular mind in the adxantages of the new locomotion. It

is a curious fact, having regard tri the small esteem in which

steam and electricity are now held, in so far as the lighter

classes are concerned, that all the short records for speed

set up prior to 1902 were held b}' \-ehicles propelled by

one or other of these principles of power-raising. Indeed,

electricity scored hea\i]y in the early days. In 1898 an

electric car covered the fiying kilometre at a speed of 39-24

miles per hour, and this record was progressi\'ely improved

upon until in the following \-ear .Jenatzy actually estab-

lished a record of 0.5-79 miles per hour, thus marking the

first occasion on which a self-propelled road vehicle had

exceeded the spjccd of a mile a minute. This stood until

1902, when Serpollct, driving a steam car of his own design,

attained a speed of 7.5-06 m.p.h. at Nice.

Serpollet's record did not stand for long, since it was

beaten three times in the same year b\- petrol ears, and from

then until 1906 all tlie records were held by internal

combustion engincd cars. In the latter year steam made
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another effort and a Stanley car attained a speed of 127'5

m.p.h. on the sands at Ormonde Beach. This record stood

until 1909, when on the same track a Benz petrol-driven

car set up a new figure of 140-9 m.p.h., since when the steam

car as a record-breaker has been moribund.

Allusion has only been made to these records for the

purpose of illustrating the manner in which the early

designers turned to the modes of propulsion with which

they were already familiar in preference to the newer but

apparently less promising internal combustion engine. It

is no part of the purpose of this work to compile a list of the

races and records which, although they have unquestionably

played a great part in the development of the car, are now
mainly of sporting interest and thus have no bearing on the

present occasion.

The year 1909 marked the virtual passing of what may be

called the racing era, and from that time onwards designers

settled themselves down to the steady application to non-

racing cars of the lessons taught by the great Continental

road races. It is true that racing, both on road and track,

has still persisted and that many more useful lessons have

been learnt as a result. Indeed, it is probably true to say

that so long as there are cars, so long will racing have its

uses. Only when a state of absolute finality is reached in

design, construction, and materials, will it be safe to lay

down arbitrarily that racing, with its terrific strains on

every integral part of engine and car, will have ceased to be

of use in the development of the motor vehicle. That,

however, is a digression.

During the past ten years the progress that has been

made in metallurgy, and in particular in alloys of steel and
aluminium, combined with a wonderful improvement in

precision tools and their use, has brought the car to a

relatively high state of perfection. Indeed, it is difficult for

the critical student to discern where and how improvement
is to be effected. Engines, whether of the poppet or

sleeve-valve type, are so perfectly balanced and the moving
parts so finely finished and adjusted that they run without
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noise or vibration, while their efficiency is higher tlian that

of any other prime mover, save the Ughter engines employed
for the propulsion of aircraft which are the direct offspring

of the automobile motor. The transmission details, which

were admittedly open to criticism from the standpoint of the

engineering pedant as being unmechanical and wasteful of

power, have been so greatly improved that such charges

cannot in truth now lie against them. Even the gearbox,

condemned in principle by the engineer, has shown that

in some cases at least practice may with advantage conflict

with theory. These matters, however, will be dealt with in

detail in subsequent chapters, so there is no necessity to do

more now than to refer to them in passing.

As to the future trend of development it is not easy to

speak. Already many of the lessons learnt during the War,

particularly in connexion with the evolution of the aero-

motor as it is known to-day, have been applied to motor car

practice. In certain cases this has been done with con-

spicuous success, but in others the result has been somewhat

dubious, and it would be premature to attempt to jjass a

final judgment upon the effect these experiments—for they

cannot be said to be anything more—may have on the

ultimate design of the motor vehicle.

There is one direction in which a very wide vista of

possibilities seems to open up, and that is in connexion

with the application of electro-magnetic science to power

transmission. This is more or less in an experimental stage

for the moment. It has yet to prove its all-round suit-

ability for motor car propulsion, but there are at least two

systems, the Thomas and the Owen, which have given

excellent results over a certain period of time and use. In

fact, it is possible to go further and to say that both have

proved themselves to have great possibilities of future

development. The difficulties which stand in the way of a

general adoption of the electro-magnetic transmission

seem to be more due to public inertia than to any inherent

technical disabilities of the system. The average user of

the motor car, whether for private or commercial purposes,
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is conservative to a degree, and not the least difficult task

of the manufacturer and the inventor is to persuade him

that the new is better than the old and well-tried practice

of yesterday. Were it not that so much prejudice has to be

overcome and so much educative work remains to be done,

the probability is that some electro-magnetic system of

transmission would be well on its way to general adoption.

Whether it is, as some authorities believe, destined to

displace altogether the admittedly unmechanical gearbox,

is one of those questions which only the coming years can

answer.



CHAPTER I

THE INTERNAL COMBUSTION ENGINE

A CiENEEAL Survey

No other form of engine has received more detailed attention,

or has branched out into more variations, than the internal

combustion motor. Yet, after twenty years of intensive

development, the engine now in vogue remains the same
in principle and in its main components as the original

engine.

But behind this apparent fixity of main principles and

working methods lies a vast unexplored area in the

chemistry of fuels and metals, and in the economical pro-

duction and ajjjjlication of energy. Despite the success

achieved by the motors of to-day, it may still he said that

the internal co.mbustion engine is only in its infancy, and

that great inno\^ations will in time be brought about.

There is every reason for the European and American

manufacturer to be proud of the progress which has been

made in the past twenty years of motoring, but it is im-

portant that at the outset the long view should be taken

of the further possibilities of the internal combustion

engine. It is well to lay stress upon the great future of

automobile engineering, with its enormous potentialities,

as a better appreciation can thus be obtained of what has

been done in the past.

The difference between the steam engine and the internal

combustion engine may here be set out shortly. With

the former steam is produced in a separate vessel, the

boiler, and the vapour is introduced under pressure into

the cylinder. The expansive pressure of the steam drives

the piston outwards, and so convenient an agent is steam

13
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that it can also be admitted to the under-side of thcjpiston

in order to help this on its return stroke—in other words,

render it double-acting.

For the internal combustion engine the fuel employed

has no active expansive force until it is ignited within the

cylinder. This occasions a violent chemical change, pro-

ducing an explosive or expansive effect and differing in

character from the more gradual and more sustained action

of steam. With the discovery of coal gas, a practicable

agent suggested itself for the internal combustion motor,

and the gas engine was developed into a prime mover of

immense utility.

Although it is unnecessary to go into the chemistry of

petrol combustion, it may be pointed out that steam,

before it enters the cylinder of a steam engine, is a gas

under pressure, and expands steadily within the cylinder,

thus exerting a prolonged pressure on the piston through-

out the stroke. A mixture of petrol and air, on the other

hand, is introduced into the cylinder as a vapour not under

pressure. It is then compressed by the upward stroke of

the piston, and, after compression, the vapour is ignited.

As already mentioned, the expansion which results from

the explosion is exceedingly violent ; there is a very great

increase in temperature, but the expansive force is short

and more in the nature of a sharp blow than a steady and
prolonged pressure.

But the gas engine was a stationary motor, and a

new problem arose when it was sought to produce a gas

engine for locomotive purposes. Light and readily-ignited

petroleum spirit was found to be the most suitable fuel,

as it was easily portable and proved capable of developing
considerable power. Daimler, in Germany, was amongst
the pioneers who worked to evolve a locomotive internal

combustion engine with paraffin spirit or petrol as the fuel.

At that time and for many years afterwards petrol was a
waste by-product of paraffin manufacture.

In effect liquid fuel made the internal combustion motor
practicable for locomotive purposes, its essential qualities
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being that it can be easily stored and carried, and be readily

converted into an explosive gas ignitable within the

cylinder. Petrol met requirements in a manner which

renders it still the universal fuel for motor vehicles ; and

a brief study of its characteristics will indicate the require-

ments of a motor fuel.

Petrol vaporizes readily at ordinary temperatures, and

when mixed with air forms an easily ignited mixture which

in the presence of a flame virtually explodes with con-

Pjq_ 1. A modem four-cylinder petrol engine, with portions cut away

to show internal construction.

siderable violence. It was early found that a mixture of

petrol vapour and about twenty times its volume of air

would easily ignite and produce a powerful expansive effect

within a closed cylinder. That discovery was sufficient to

give impetus to the construction of motor engines.

Another characteristic of the internal combustion engine

is that the driving force cannot conveniently be applied

at each side of the piston as in the case of a steam engine.

In other words, a small high-speed double-acting petrol
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motor has not yet become feasible. Hence in the internal

combustion engine a very powerful effort must be im-

parted to the piston to force it outwards, and carry it past

the " dead point " at tlie end of the power stroke, and

back again into the cylinder to compress the next charge.

The engine forms its own pump, and much of its success

depends on the fact that it is self-contained to a greater

extent than the steam engine, with its separate boiler

and other components. The internal combustion engine

obtains its energy direct from the fuel, and such a power

plant is remarkable for its economy of space and weight.

Cycle of Operations

Assuming that there is an explosive mixture in the

cylinder, with the piston at the end of its in-stroke, com-

pressing this mixture, the following operations occur in

sequence as soon as the charge is exploded : (1) expan-

sion or power stroke, outwards
; (2) in-stroke, which is

utilized to sweep out the products of combustion from

the cylinder, termed the exhaust stroke : (3) out-stroke

drawing in a fresh charge of explosive mixture, this move-

ment being termed the induction or inlet stroke : (4) com-

pression stroke, inwards, which concentrates the gaseous

mixture and raises its temperature, this compression bring-

ing about a more powerful reaction when the mixture is

ignited at or near the end of the stroke. The resultant

outward movement of the piston is the explosion stroke

and marks the commencement of the new cycle of four

strokes, similar to those just described.

In this preliminary survey other operations must be

referred to in order that the working system in general

may be understood in its simplest form. The passage of

the fuel from the storage tank to the engine may first be

traced. The petrol flows either by. gravity or pressure

from the tank to the carburetter—a constant-level device

where the free flow of the liquid is so regulated that a small

quantity is drawn through a fine jet by the suction of the
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engine. The action of the jet is to break up the fuel stream
into a fine spray, and thus facihtatc its mixture with air.

To obtain from the explosion impulses the most smooth
and even turning movement is one of the great problems of
the automobile engineer. In a single-cylinder motor, as al-

Fio. 2.—End elevation of a petrol motor. The piston

is on top dead centre, and is al^out to descend on
the induction stroke.

ready described, the power stroke is followed by three others

with no power impulse of their own. There is consequently

a marked irregularity in the turning movement so obtained,

and the uneven torque requires the use of a fly-wheel and

the maintenance of comparatively high engine speed. The
fly-wheel, by its relatively heavy weight, serves as a

2



li MODERN MOTOR CAR PRACTICE

reservoir of energy, and since it is interposed between the

engine and the driving wheels of the vehicle it maintains

to a considerable extent regularity of speed. A very low

rate of engine speed, however, is fatal to smooth running,

owing to the long interval between each power stroke,

and also on account of the rapidity with which the effective

pressure on the piston passes away.

Certain basic characteristics of the single-cylinder

interna] combustion engine have now been established.

It requires a rapid series of power strokes—that is, it

must run at high piston

speed if it is to develop

power economically and

with the minimum of

irregular motion. Now,
a road motor requires

a range of speed from

zero to a maximum point

governed only by the

capacity of the engine,

and it is clear that the

application of a single-

cylinder motor to loco-

motive purposes could

not give highly efficient

results, especially when
the load carried is heavy, as in this case at low speeds the

engine would be unable to ovcrome the inertia of the load.

Nevertheless, remarkable development has taken place

in the single-cylinder motor bicycle, and the modern
machine might be held to have overcome the basic defects

of this type of engine. But the single-cylinder motor
bicycle is a high-speed and low-weight machine. To move
a heavy weight from rest to a high speed calls for a form
of engine with a steady impulse from each piston stroke in

order to overcome the inertia of the mass to be moved.
When a long interval lapses between the power strokes,
the engine is overloaded, and the equivalent may be

FiQ. 3.— Some pistons liave heavily re-

cessed skirts. This design faeih-

tates adequate hibrication of the

cyUnder walls without causing car-

bonisation.
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observed where, in climbing a steep hill at slow speed,
the gradient so increases the resistance that the engine
may be brought to a stop.

Thus, when it was sought to carry a heavy load, a
change-speed gearing was
adapted to graduate the

transmission of power be-

tween the motor and the

road wheels of the vehicle.

A two-cylinder engine gives

twice as many power
strokes in the same number
of crank-shaft revolutions

as the single-cylinder en-

gine, and thus there is a

shorter interval between

the application of driving

force, with consequently an

increase in the smoothness

of running.

In theory, it seemed that

the multiplication of cylin-

ders would solve most of

the defects of the internal

combustion engine, and
from the single-cylinder

rapid progress can be

traced to the two, three,

four, six, eight, and twelve-

cylinder engines. This

progress was mainly con-

trolled by the mechanical

difficulties which arose in

manufacturing multi-cylinder engines and in operating

them.

At this juncture it will suffice to indicate some of the

difficulties which are encountered in the multiplication of

cylinders. With one cylinder there is the maxinuun of

Fig. 4.—Connecting-rod bearings can

be '

' split
'

' to simplify adj ustment,

fitting, and renewal. The inner

shell of the bearing 'is of gun-

metal, faced with white-metal

which melts if overheated and

thus prevents any danger of

seizure.
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simplicity and the minimum of working parts ; but when

two f)r more cyhnders arc employed, skill is required in

timing, balancing, and other operations. This leads us to

a study of the other main organs which are essential for

the working of the internal combustion engine. These

may be summarized as the valve sj^stem and the ignition

system. In the single-cylinder motor an inlet and exhaust

valve is required to act as a cut-off device to open and close

the cylinder to a fuel-supply and an exhaust outlet

respectively.

In the theoretical cycle of operations, the valve posi-

tions are :

Inlet stroke. Compression stroke- Power stroke. Exhaust stroke.

Inlet valve open Inlet valve c-losed Inlet valve closed Inlet valve closed

Exhaust valve Exhaust valve Exhaust valve Exhaust valve

closed closed closed open

In practice, however, there is an overlapping of valve

movements, which will be discussed later. The operation

of the engine-valves has presented many obstacles which

are not realized to-day by the student of automobile

engineering. A method of mechanical operation for both

valves suggested itself to some early engineers, but for a

considerable period the inlet valve was actuated by the

suction of the engine, a spring closing the valve. A shaft

having a cam and operated from the crank-shaft actuates

the stem of the exhaust valve, thus opening the valve at

the correct moment in relation to the position of the

piston.

The rapid opening and shutting of valves controlling the

flow of a cold combustible mixture and of burning gases

involved many problems which have taken long investi-

gation. The factor of time enters into every operation

as even the explosion of the mixture in the cylinder

occupies a measurable period. Time must be allowed for

the mixture to flow into the cylinder in the desired quantity,

for the full combustion of the mixture, and for sca-^^enging

the waste gases after their power is spent. This timing of
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the opening and closing of the valves is a complex matter

to the amateur, and can be deferred to a later stage.

The next subject for consideration is the ignition of

the explosive mixture within the cylinder. Following

stationary gas engine practice, the first road motors had

tube ignition—that is to say, burners using gas or liquid

fuel creating a tongue of flame, which at the appointed

instant came into contact with the mixture in the cylinder.

The dangers and defects of this system led to the intro-

duction of electric ignition, but many years of ceaseless

experiment passed be-

fore a reliable method

was arrived at.

The components of

an electric ignition

system are («) a source

of electric supply

;

(h) a timing mechan-

ism^ to produce an elec-

tric spark within the

cylinder at the re-

quired moment ;
(c) a

sparking apparatus

within the cylinder ;

(d) control mechanism

for varying the time of

sparking ;
(e) switch mechanism for breaking the circuit,

and thus stopping the engine; (/) a connexion system

linking up the various electrical instruments and estab-

lishing the electrical circuit ; {g) an intensifying device

which concentrates the energy of the electric current at

the moment of sparking to produce the most complete

ignition of the mixture.

Originally the electric ignition system employed drew

its current from small " storage " batteries which derived

their energy from chemical action. The " accumulator "

type was icchargeablc from dynamos, but the "dry

battery " type was useless after its electro-chemical

Fig. 5 Inspection doors are fitted in the

crank cases of most modern engines.

Tlrrough these the bearings can be in-

spected and the interior of tlie engine

kept under observation.
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constituents were once exhausted. In order to produce

momentary intensification the battery was linked with

another device—the Ruhmkorff coil—which up to that

time was mainly of interest as an electrical toy. The

" coil," as it soon became generally styled, was for many

years not well understood by motor car users.

The coil does not call for a lengthy description ; its main

characteristic is that of obtaining from a low-pressure

electrical current a momentary flash of high-pressure

electricity. It is therefore a transformer, and electricians

discovered that by rapidly making and breaking an electric

current in proximity to, but insulated from, another circuit

of fine wire, a momen-
'

- tary current of high

^^^^^^_^,. pressure was " in-

j -T-a^wHIi liy?^-— duced " in the second-

vrntmiit^fi^^ fhis intensification

of the current made

Fig. 0.—Some crank-shafts are only sup- clcctric ignition

ported at their extremities. Unless feasible for internal
they are short and of massive construe-

combustion engines,
tion they have a tendency to whip "

when under load. The succcssive stages

in the development of

ignition apparatus for the petrol motor are interesting.

The battery-and-coil appliance gave way to the magneto, a

device which creates electricity by what we may term

mechanical means. In effect, the magneto is a form of

dynamo, the essentials being a permanent magnet and a coil

of insulated wire with a condenser or intensifier, and a make
and break device. A permanent magnet, if moved in and

out of a liollow coil of insulated wire, induces in this wire a

momentary high-tension current. The permanent magnet is

surrounded by an invisible halo of lines of magnetic force.

When mechanical power is used to " cut " these lines of

force by a coil or armature of insulated wire, a current is

induced in the coil, so that a powerful spark is produced at

the points of a sparking plug. Mechanical energy must
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be provided for rotating some part of tlie magneto, so
that the magnetic circuit around the permanent magnets
IS " cut," Ixit at low speeds of rotation the sparking is

weak. This is in accordance with the point already em-
phasized. If a powerful spark is required in a magneto,
the requisite amount of mechanical power must be applied
to the rotating parts, or, in other words, high speed must
be maintained.

This leads to a consideration of one of the defects of the
magneto, as, in starting the engine by hand, it is somewhat

Fig. 7.—A craak-shaft supported in the centre and at its two extremities
;

tliis is, perhaps, the most popular method of crank-shaft suspension

for medium-weight cars.

difficult to impart high speed to the armature shaft. But
remarkable improvement has been made, and the magneto
stands as a compact and reliable engineering device. Into

a very small space has been compressed a complete electric

installation for the production of a rapid series of intensely

hot sparks, and to such a degree of reliability lias the

mechanism been brought that the magneto has become

one of the most dependable organs of the engine.

But the magneto itself is now threatened. Electric

lighting for the motor car was seen to be so desirable that

the dynamo for supplying the current has been brought

to a high state of efficiency. This dynamo is driven by

the engine, and the energy produced is led into accumu-
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lators which " store " the energy by effecting chemical

changes that can be utihzed to release electric current so

stored. The desirability of utilizing electricity to start

the engine suggested itself in due course to manufacturers,

and by taking the stored current from the accumulators

to an electric motor it was possible to employ it as a driving

agent for turning the engine crank-shaft.

It is evident that where there is a reliable dynamo and

storage battery system which provides electric energy for

.:#:sa

Fia. 8.—The crank-sliaft of a large, powerful engine ; it is supported in

five places. The cam-shaft with its driving chain and the water

pump are also shown. The small shaft at right-angles to the cam-

shaft is the driving shaft for a rotary oil pump.

starting the engine and lighting the c&r, from the same
source current can also be taken for ignition purposes,

thus dispensing with the magneto. On a few well-

equipped modern cars there are three wholly independent

electric installations : the magneto, the ligliting dynamo,
and the engine starter. On the car of the future it may
be that a single electric installation will discharge many
functions in addition to those of ignition, starting, and
lighting, in whiclt case the magneto would be unnecessary.

Reverting to the primary essentials of the hiternal

combustion engine, it will be remembered that the rapid

sequence of the stages of combustion within the cylinder
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quickly leads to the creation of a very high temperature.
But the internal combustion motor being in principle a heat

motor, high temperature is not so much an evil consequence
as an essential working condition. High temperature of

the cylinder walls is indispensable to good working of the

engine, since the expansive force of the burning gases is

dependent on the temperature. An explosive mixture of

petrol and air in a cold cylinder produces a volume of gas

Fig. 9.—The portion of the crank-shaft which extends beyond
the forward journal is generally employed to drive the

cam-shaft, magneto, dynamo, etc. A chain system is

sho«-n here, but spur-gears are used in many engines.

which quickly loses its heat to the cylinder walls, with

consequent shrinkage of the volume and loss of pressure

on the piston. When the temperature of the cylinder

walls is maintained at a suitably high degree, the expansive

force of the gases is utilized to the best advantage.

We are limited in this respect mainly by the physical

properties of the materials employed in the construction of

the engine. A metal piston working in a metal cylinder

must be gas-tight in order to obtain good compression of

the gas by obviating leakage past the piston. At the

same time friction between the piston and cylinder must
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be reduced to a minimum. A common trouble in the early

engines was the seizure oi: the piston, caused by over-

to a greater degree than the

film of lubricating oil must be

present between the piston

heating and expanding

cylinder walls. Since a

and cylinder walls, the

problems of engine lubri-

cation and cooling are

interconnected, for, if the

temperature becomes too

high through insufficient

cooling, the lubricating

oil is burned and friction

increases to a degree which

may produce a stoppage.

So, too, an unsuitable

lubricant that burns up

at too low a temperature

may lead to piston seizure

in an engine, although the

engine may have adequate

cooling facilities.

It is only the excess o

heat which needs to be

carried away by the cool-

ing system, whilst pre-

serving a high average

temperature. In the small

and low-speed motors of

the pioneer days, the

surplus heat was removed

by fins on the cylinder ;

air circulated over the increased radiating surface of the

metal projections and thus carried away the excess of heat.

When larger and faster engines came into use before the

problems of lubrication and cooling were fully studied, the

line of least resistance was to adopt water-cooling. Accord-

ingly the cylinder walls were surrounded by a jacket to

Fig. 10.—There are many ways of

mounting an engine in a frame,

but this metliod is perhaps the

most popular, as by obtaining

brackets of the required shape a

given engine can be fitted into

practically any frame.
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contain water, and this jacket was connected by pipes with

a reservoir in which tlie water was cooled by radiation

through pipes exposed to a current of air. By suitable

means the whole body of water was kept in circulation,

cool water automatically replacing the heated water around

the cylinders.

This system was effective, especially when a pump was

provided to force the circulation of the water through a

honeycomb radiator of metal pierced by air spaces, with

a fan drawing air

rapidly through it. In .,/ , ; ,^,,j.„

some few early cases,

however, the water

circulation robbed the
'

'

engine of essential

heat, and more fuel

had to be consumed

in order to produce

the required power.

The first cost of such a

water-cooling system

was considerable, and

its liability to de-

rangement was also

not to be ignored, for

if pump or fan broke

down, or if any leakage or clogging took place in the

water system, the engine was Ualilc to stoppage through

overheating.

Then again, if a water-jacketed type of engine were run

without a supply of water, there was the danger of cracking

the cylinder jackets ; whilst in a severe winter, if the water

were allowed to stand in an engine, a fractured cylinder

might result through ice forming in the water-jacket and

bursting it by expansion.

Immense strides have been made in cngine-coolmg of

recent years, and ceaseless trial and experiment blended

with skilled methods have resulted in internal combustion

Fig. 11.—A view of the method of engine

support illustrated in the preceding

photograph. This picture is taken from

the forward end.
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engines which are capable of sustained effort over long

periods. Probablj^ the most dramatic evidence of this

progress was the cross-Atlantic flight made by an aero-

plane fitted with Rolls-Royce engines in 1919. In this

feat the machine relied upon the consistent and con-

tinuous running of the motors for many hours under

great stress, and any failure in the cooling system would

have meant disaster. Of recent years, however, fresh

attention has been given to air-cooling, and it is now con-

tended that medium-sized engines can be run effectively

with an air-cooling system. The average working

temperature is somewhat higher than with the water-

cooled motor, and the problem of lubrication demands
more attention.

A preliminary study of the main principles of the internal

combustion engine having now been concluded, and the

general working conditions explained, various special

points can be considered. It may be useful to give a

resume of the working operations so as to afford a clear

understanding of the general system. The typical engine

has its fuel or petrol tank, its carburetter, its cooling supply,

and its magneto. To start the engine, a switch is moved
so as to complete the electric circuit. The starting handle

is turned to rotate the crank-shaft, which actuates the

pistons and valves. The throttle on the carburetter is

opened to a suitable degree, so that a quantity of petrol

vapour and air is drawn in by the piston suction through
the inlet pipe and valve. This mixture is compressed, and
then ignited by the electric spark between the points of

the sparking plug. After combustion, the waste gases

are driven out by way of the exhaust valve through the

exhaust pipe to the silencer. The cylinder walls heated
by the combustion are kept sufficiently cooled by the
water circulation system. An oil pump circulates the
lubricating oil, and, as long as fuel, electric current,
water, and oil are in circulation, the engine, provided its

mechanical adjustments arc in order, will work con-
tinuously.
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Engine Valve Sy.items

As the valve is the gateway to the interior of the eylinder

and as it is a gateway which opens and closes within

certain time limits, it forms a measuring device also.

Consequently the intake valve regulates the fuel supply to

the cylinder, and thus controls the power-output up to a

certain point. From this it is evident that valve design

is one of the most important studies in engine construction.

h
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Fig, 12.—The arrangement of the valves on the 12 h.p. Swift car. A
flat cover plate has been removed for the photosraph to be taken.

In primitive motors the suction type of valve was used

for admitting explosive mixture to the cylinder, being

closed (as now) by spring pressure, and the piston suction

had to create the necessary vacuum before the valve

commenced to open. In this way time was lost in ad-

mitting each fresh charge of mixture, so that some engines

failed to receive a sufficient charge volume. The valve

opened late and sluggishly at certain periods, and under

certain conditions it closed too soon, especially at high

piston speeds.
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By making the valve openings larger, more fuel could be

passed into the cylinder, but owing to their inertia large

and heavy valves took a greater amount of piston suction

to open them.

The mechanically-operated intake valve brought about

great improvement in running, as the opening of the valve

was accomplished independently of the piston suction in

the cylinder. This type of valve has a positive opening

and closing at definite times, and hence great care is

necessary in the shaping of the cams which control these

movements.

Under ideal conditions it would be sought to admit to

Fig. 13.—Overhead valve gear operated by push-rods on

a small four-cylinder Dorman engine.

the cjdinder a full charge at each inlet stroke in order to

obtain the maximum power, apart from the fact that in

the motor car engine speed is varied incessantly by the

throttle valve controlling the amount of fuel supplied to

the cylinder. The ideal in view is the ability to introduce

to the cylinder a full charge when required, and to do it

as rapidly as possible. Rapid and thorough exhausting

of the waste gases is equally essential, and the functions of

neither inlet nor exhaust valve should clash.

Here again the very large valve was sought as the easiest

way of giving ample mixture, but faults arise in the use

of a valve of abirormal size. Although we no longer

depend on engine suction to operate the inlet valve, it is

on such suction that we rely still for the inflow of the
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mixture. An extra large valve will pass a sluggish

supply when the amount of mixture is throttled or

reduced by the carburetter, and the quality of the

charge will be weak as air flows in more readily than

Fig. 14.—On some engines the valves are

operated by an overhead cam-.shaft. Tiiis

is an end elevation of such a lay-out,

the cam-shaft being driven by a vertical

shaft through a pair of spur-goars.

petrol. As remarked in the section in this chapter deal-

ing witli ignition, the phenomenon of turbulence is of

great importance. Tlie mixture of air and petrol vapour

must be as thorough as possible, and to attain this

in the limited interval between each power stroke it is
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desirable to agitate and render turbulent the mixture as

it enters the cylinder. Flame propagation will then be

more rapid at the monrent of ignition, and the gas will

undergo more perfect combustion, creating more power

than where a less turbulent mixture is ignited, in which

there are streaks or layers of air and petrol vapour. It

may seem that these details are too scientific for considera-

tion in practical working, and possibly too much has been

made by some theorists of the importance of turbulence,

valve opening, and other matters connected

with the supply of fuel to the engine. But in

view of the short interval between the time

when air and petrol enter the mixing chamber
of the carburetter in separate streams, and

when they fill the cylinder of a high-speed

engine, it is evident that experience coupled

with truly scientific methods may effect great

imiDrovement in efficiency.

ij
In general, the best results are obtained by

' using a valve opening which will allow the

{^
delivery of a stream of mixture at high

^ velocity, even with small openings of the

throttle. The valve should open quickly so as

to admit the charge to the cylinder in the

shortest space of time, and it shordd close

before compression reacts on the inflow. Thus
the ideal appears to be attained by a valve

system which produces an injector-like effect upon the
mixture, the high speed of which sets up the requisite tur-

bulence. Doubtless in due course means for true mechanical
mjeetion of the mixture will be so devised that at small
throttle openings the speed of inflow will be maintained.
Mechanical injection would permit of greater power de-
velopment, since it would afford better command over
the quantity of mixture passed into the cylinders. But
as such a system may require some form of pump, it

may engender complications.

The conventional poppet-valve is a spindle with a mush-

FiQ. 15.—

A

complete
poppe t-

valve as-

sembly
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room-shaped head. It is lifted to open by the action of

a cam, and it closes automatically by the action of a spring.

The defects of this jsrinciple arc now well realized, but only

in a few cases has a radical departure from the general

principle been brought into commercial use. As in many
other instances, elaborate development of details has

enabled a somewhat imperfect system to be brought to a

high stage of efficiency.

Inherently the poppet-valve is defective in that it

interrupts the free flow of mixture from the inlet pipe to

the cylinder. The head and
spindle form an obstruction, and
the gas must flow around the

body of the valve. In theory

there should be a port or opening

to admit an unbroken stream of

mixture into the engine, but

perhaps theorists and others make
too much of the effect of stream-

lines and an unbroken flow of

vapour. Possibly also they forget

that a high-velocity, gaseous

mixture accommodates itself to

passing over obstacles in its path,

unless the orifice is so small as

to strangle the flow.

From the motor user's point of view—and this is the

point of view which ultimately prevails—the chief objec-

tion to the original poppet-valve was based on the trouble

it entailed, as it was subject to leakage, breakage, and

seizing. Springs were seriously affected by the heat of

the engine, and were cither too strong or too weak. Yet

whilst engineering knowledge has so far failed to devise

a universal substitute for the poppet-valve, much progress

has been accomplished in valve spring makmg.

Noise was another objectionable feature of the poppet-

valve, but improved systems of valves served to render it

remarkably silent. In this connexion is seen the value

3

Fig. 16.—Overliead valve gear

is difficult to lubricate. The
illustration shows a Buick

engine witli a portion of the

rocker cut away to show

the patent automatic oihng

arrangement.
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of open competition, for, when the Silent Knight sleeve-

valve engine set a new standard in noise reduction, rival

engineers at length bestirred themselves in order to

improve the poppet-valve in this diiection. By dint of

refinement applied to the whole valve system, marked

improvement was attained in abating the chatter of the

valves.

Patents for new valves form one of the most interesting

chapters in motor engineering history. Out of a multitude

of efforts, however, the commercial successes have been

few, yet this striving after new inventions was good, for it

forced improved development in the poppet-valve. Many
alternative devices for valves have been tried, but the

poppet type still holds the field by reason of its reliability,

simplicity, and cheapness.

At the same time considerable success has been achieved

with a few other forms of valves, and the future may bring

many changes. The most notable invention was the

Silent Knight sleeve-valve system, as developed in this

country by the Daimler Company of Coventry. In steam

engine practice we have the slide-valve, and this first

indicated to a well-known engineer that some form of

sliding valve could be used to seal and open the cylinder

ports. Knight's sleeve-valve engine differs little from

some forms of the slide-valve well understood in steam

engine practice. Two sliding sleeves are arranged within

the cylinder proper, and the piston works on the innermost

sleeve. At the bottom of each sleeve is a lug or projection

which is coupled by a short connecting-rod to a crank on

the half-time shaft. The sleeves are of cast iron very

accurately turned, and the inner sleeve has two ports at

the same level. In the outer sleeve the ports are at

different levels, and the arrangement of the ports is such

that at the inlet stroke the two inlet ports of the sleeves

are brought in line with each other and with the inlet

passage.

The valve ports are long and narrow slotted openings

through which the mixture freely flows into the cvlinder.
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On the compression stroke all the valve ports are out of
register with eaeh other, and they also maintain the sealing
of the cylinder at the combustion stroke. During the
exhaust stroke the two exhaust ports come into register
with the exhaust passage, and there is a free flow of the
waste products through the side of the cylinder opposite
the inlet.

Lubrication has been a matter of some difficulty in con-
nexion with the sleeve-valve engine, as the piston and
the sleeves are in reciprocal motion, their surfaces being

Fig. 17.—An up-to-date method of housing poppet-valve gear. One
cover encases the whole, rendering them absolutely dust-proof.

exposed to very high temperatures. As a film of oil must
be maintained between the piston and the inner sleeve,

another film between the two sleeves, and another between

the outermost sleeve and the ejdinder, excess of oil would
lead to the production of smoke, and the excess of carbon

from the burnt oil would defeat the 2Jnrpose of lubrication.

That the sleeve-valve has been made a success proves how
well these lubrication difficulties have been overcome.

The system of oiling employed is so precise that the lubrica-

tion troughs on the Knight engine are connected with the

throttle. Scoops on the connecting-rod big-ends dip into

troughs in the crank-ease which are supplied with oil by a
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pump. The troughs are pivoted so that, as the throttle

valve is opened, they are brought nearer to the scoops and

more oil is taken up, whilst, as the throttle is closed, the

troughs are moved away from the scoops and less oil is

collected.

Many consider that the success of the Knight engine

has had a most salutary effect upon the motor manufactur-

ing industry, for, though it has not eliminated the poppet-

valve engine, it has served to cause improvement of that

type. Its higher cost of manufacture, and the inherent

dislike of manufacturers to pay royalty fees to inventors

for new designs, may prevent the sleeve-valve engine

from coming into common use. It must be pointed out,

however, that during the war, when cost was an item

of small consequence, in all aero engines poppet-valves

were used, and on the score of reliability, lightness, and

efficiency these motors represented the highest develop-

ment known to engineers at the time. None the less, for

car practice many are convinced that the poppet-valve

will ultimately be abandoned, to be succeeded by some

form of sleeve-valve which will give greater freedom from

noise and faulty action.

Another variation of the sleeve-valve motor is the

Argyll single-sleeve engine, which is now on the market

again in an improved form under the name of the Burt

McCollum sleeve-valve motor. The single-sleeve valve of

the Argyll motor has ports of a special shape, but a most

beneficial device in this form of valve is that it has a

recipro-rotary or elliptical motion. This motion allows

of the ports in the sleeve being brought into accurate

register with the inlet and exhaust openings at the correct

times, and in a manner which will allow of free passage

for the gases.

Of the many other efforts to evolve a practicable sleeve-

valve engine, mention must be made of the " cuff " type

in which one or a pair of short sleeves operates on a water-

jacketed surface above the piston. Manj^ important
advantages are claimed for this form, and it is obvious

t t t
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that its simplicity and ease of lubrication are strong points
in its favour.

The rotary-valve engine marked a fm-ther attempt to
get away from the poppet-valve, and in the Itala engine
was an interesting specimen of the revolving valve method.
In this, a tubular casing, or small cylinder, is arranged
alongside each pair of cylinders. In the casing is mounted
a rotating valve which has four passages, two being for the
exhaust and two for the inlet. The valve is ingeniously
arranged in compartments, so that when an exhaust port

registers with its cylinder at the exhaust stroke, an outlet

passage is open through the circular valve, whilst the inlet

W K
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Fig. 18.—The cam-shaft of a four-cyhnder engine. On the right is a
skew-gear by wliieh the oil piunp is driven.

port and passage are cut off. At the compression and
firing strokes the cylinder is effectually sealed, and provision

is made for water-cooling the valve itself. In the matter

of lubrication, accessil^ility, and noiselessness the Itala

form of valve has much to be said for it.

On the whole, perhaps, it is best that the theoretically

wrong poppet type should be so improved that it can make
a long resistance against the newcomers, as such a struggle

aids in the discovery and elimination of various faults in

new designs. A change in valve mechanism is a serious

step for a manufacturer to take, as a defect in this respect

2nay spoil the running of the ear, and a complete change

of engine design niay be necessary ere the fault can be put

right again.
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Types of Cylinders

Apart from the angle of the cylinder mounting and their

number, the manner of their grouping requires considera-

tion. This is best studied in the four-cylinder type, that

being the most representative. The cylinders can be cast

singly, or in pairs, but are generally all in one block. In

the single method each cjdinder is a distinct unit, and as

such it can be removed and replaced after adjustment or

repair. It is claimed
' ~ ~ that it tends to reduce

vibration in a multi-

cylinder engine, though

it should not be over-

looked that a longer

crank-shaft is required,

and that liability to whip

at high speeds is greater.

For the moulder as well as

the machinist the single

cylinder has its construc-

tional advantages, and,

in the case of a fault, one

cylinder only is wasted.

Opposed to the claim of

such advantages are the

arguments that the cylinders are more exposed to the

effect of frost, that the separate mounting of each

cylinder renders it liable to work loose from its holding-

down bolts, and that a greater amount of outside piping is

required. At one time the Austin engine was a representa-

tive example of separate-cylinder construction, but the

makers now confine themselves to the use of monobloc
engines.

Four-cylinder engines cast in pairs have their advocates
often, because each pair can be removed for inspection.

The inlet and exhaust passages can be cast integrally with
the cylinders without difficulty, and each pair of cylinders,

Fig. 19.—A four-cylinder monobloc
casting, in which the crank-ease

and cylinders form a single unit.

A separate detaeliable cylinder

head is provided.
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bolted independently to a stiff crank-chamber, obtains

firm support, and at the same time is compact.
The monobloc or all-hi-one cylinder casting submits all

the cylinders to a common risk, in that a fault in one impairs

the whole engine, and if serious it may mean that the

entire cylinder block must be condemned. The task of

the designer, the moulder, and the machinist is more
exacting in the monobloc engine for these reasons. On
the other hand, it furnishes an ideally rigid and compact
engine, especially with the passage-ways incorporated in

the casting, when they can be so arranged that water-

jacketing keeps the cored inlet pipe at a temperature

suitable for good vaporization of the fuel. The scarcity

of outside piping enhances the trim appearance of the

engine and the compactness of the casting facihtates the

use of a short crank-shaft.

The modern tendency is wholly towards the monobloc,

as with modern moulding and machining methods pvo-

ducers prefer to work upon a unit rather than on a series

of parts which must be assembled afterwards.

It may be noted that six-cylinder engines are sometimes

cast in groups of three, and each group is a very suitable

unit for high-grade and economical production. This may
become a point in favour of the popularization of the six-

cylinder engine, and some feel convinced that the small

six-cylinder motor will eventually oust the four-cylinder

motor from general favour. This argument is put forward

on the ground that anyone with extended experience of a

six-cylinder motor car would regard a return to the four-

cylinder motor as a retrograde step. As the public grows

more critical it will make a stronger demand for those

qualities which find best expression in the six-cylinder

engine, though the four-cylinder engine will hold its own
where economy and all-round efficiency are more im-

portant than smooth running.

Engine Lubrication

The internal combustion engine is purely a high-speed
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motor, and, as already described, it works under a tem-

perature which is abnormally high for a power producer.

Consequently the problem of lubrication is of vital im-

portance and it is not an easy matter to carry out success-

fully. In dealing with lubrication in general, the nature

of lubricants and their working conditions may be con-

veniently mentioned here.

In the internal combustion engine there is a inass of

metal, the piston, rising to a higher temperature than the

walls of the cylinder in which it works. This is due to

the fact that the cylinder walls, as the outer members,

can dissipate heat more rapidly than the piston which is

surrounded by metal.

The main theory of lubrication is that a film of oil or oily

Fig 19a.—Positive oil feed to spring pins as

used on Sizaire-Berwick chassis.

matter is interposed between the metallic friction surfaces.

If the lubricant preserves its essential properties, its mole-

cules will maintain a mobile film between the working
surfaces, and destructive friction of the metal faces will

be prevented. Lubricant has to with.stand two forces :

it must maintain the film under the maximum pressure

exerted by the working parts, while retaining its oily pro-

perties under the highest temperature attained in operating

the engine.

Practically all lubricants are carbon and hydrogen
compounds, being of mineral, vegetable, or animal origin.

As most oils are mainly constituted of hydrogen and
carbon, they are ignitable under certain conditions. Lubri-
cant suitable for the internal combustion engine should
not be liable to ignite itself ; and as every lubricant has
its flash-point at which combustion takes place, it is
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essential that the engine temperature be maintained within
certain bounds.

Thus it is clear that cooling of some kind is necessary,
for if the heat were allowed to develop unchecked it would
destroy the lubrication. On the other hand, if too much
heat is taken away the engine loses efficiency. When
lubricating oil is burned either because of its unsuitable
nature, or through the temperature being too high or an
excess of oil being used, soot, or solid carbon and com-
pounds, is produced in the cylinder, on the piston head.

Fig. 20.—The carbon deposit, partly cleaned away, on the pistons,

valves, and sparking plugs of a Sunbeam engine after running

10,000 miles,

and on the plugs. It is to be observed here that an excess

of the most excellent lubricant may lead to carbonization

troubles. Some hold that the prime rule with lubricant

is to use it only where required, and in the minimum
quantity. Oil is needed on the piston track of the cylinder

wall, and on the moving parts within the piston itself.

If an excess of oil finds its way past the piston rings into

the combustion chamber, it is either burned up or is

deposited as an oily soot on piston, cylinder, valve-heads,

and sparking plugs. Solid carbon is consumed very

slowly, as it requires a considerable volume of oxygen,

and thus it happens that carbon particles within the

engine will remain there, and at high temperatures will
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become red hot as they slowly burn away. Henee in this

condition, whenever fresh explosive mixture enters the

chamber, there is danger of pre- ignition through the

glowing carbon setting the mixture alight at once.

It has been shown that the three essentials to correct

lubrication are (1) suitable oil, (2) proper method of supply,

(3) adequate cooling. The matter of suitable lubricant

may well be left to the firms who specialize in these oils,

but of course the best oil cannot give satisfaction if it is

wrongly used. Where fuels like benzol are used, an

appropriate oil should be employed, as, with some lubri-

FiG. 21.—A method of splash lubrication. The oil is fed to the trough by

means of a pump which collects its supply from the oil which drains

to the bottom of the sump.

cants, chemical changes occur with bad results. The

matter of engine cooling is discussed elsewhere, so that

the methods may be reviewed here by which the oil is

supplied to the working parts of the engine. This is, in

effect, the most important matter of all, since it ranges

from the point in which no oil is supplied to the engine

as one extreme, and as the other it runs to the flooding

of the engine.

In early engines the splash system was employed for

lubricating the cylinder. Oil was placed in the crank-

case, and the connecting-rod splashed in this, flinging oil

on the cylinder walls, where it was picked up by the piston.

Refinements were gradually brought about, and the trough
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Fig, 22.—A trough in which are formed

grooves into which the big-ends dip.

They are filled with oil from the pipe

shown, which is led to a collector

groove cast on the crank-case walls.

system was evolved, the simplicity of which was equalled
only by its wastefulness and dirtiness. In tliis system,
instead of the presence of a big volume of oil in the crank-
case, shallow troughs are provided below the connecting-
rod big-ends. A dipper

or scoop is fitted to

the big-end, and this

picks up a small

quantity of oil, fling-

ing it off at high speed

in the form of a spray.

The main improve-

ment is that the

quantity of oil dealt

with at each piston

stroke is limited, and thus a check is placed on excessive

lubrication. Channels collect the oil spray, and lead it to

the crank-shaft, the cam-shaft, and valve gear, whilst the

piston and the gudgeon pin receive their supply from the

midst of the oil shower. A pump, worked from the cam-

shaft, draws the oil

from a sump in the

lower part of the

crank- case to which

the used oil drains

back from the work-

ing parts. A detach-

able strainer or filter

protects the mouth of

the suction tube in

order to exclude dirt,

and the oil circulates

from the strainer to the pump, thence through some form

of level-indicator wJiich shows tJiat oil is passing, and so

by pipe to tlie troughs.

The need for more exact lubrication has led to the adop-

tion of pressure feed to various bearings. Pipes run from

the pump to the crank-shaft and other main bearings,

Fig 23.—A " dry " sump in which
level of oil is maintained.
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and a definite supply of oil is fed to them in relation to the

speed of the engine.

This system of partial force-feed has been developed into

a true forced-feed system. The pump takes oil from a

sump or drainage basin, and pipes or channel leads formed

in the crank-case deliver the oil under pressure from the

pump to every bearing. Provided that all the leads of this

system are clear, and that the supply

, is not excessive, the method is an

immense improvement on the old

haphazard splash lubrication.

By the dry sump method the crank-

case ceases to be an oil reservoir. In

this a storage tank combined with or

separate from the crank- case is em-

ployed, and it can be mounted so that

cooling of the oil is carried out to some

extent. A pump draws the oil off from

a small sump in the crank- case, and

conveys it to the oil tank. Another

pump, taking its supply from this

tank, forces oil to all the bearings.

Suitable filtering arrangements are

provided, and by this dry sump

method a high standard of lubrication

for the bearings is'rfeached, as well as

a supply of cooled and filtered oil. The rate of supply can

be accurately controlled, and the presence is avoided of

hot and dirty oil in the crank- case, which interferes with

effective lubrication when the car changes its level through

undulations of the road.

As these forms of lubrication become more precise, more

dependence is placed on the circulation system. If, in the

dry sump, pressure- feed arrangement, the pump breaks

down, there is no oil for the engine. Again, if a filter

becomes choked or an outside pipe fractures, there would

be a failure of the oil supply, which would lead to serious

damage to the engine. With the splash system there is

Fig. 24.—A complete

gear pump assembly.
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always oil in the crank-case, but with modern high-speed

engines no one would propose to revert to earlier and

crude methods of lubrication. Where failure is met with,

it is due, as a rule, to bad Avorkmanship or gross careless-

ness in use . Lubrication has by no means reached finality

of development yet ; and in the matter of accessibility

of parts which may need attention, much remains to be

done. The most up-to-date system, with its oil indicator

or pressure gauge to show that the oil is circulating, its

oil level-indicator, its series of filters, and its devices for

regulating the flow from the pumps, forms a group of

parts the design of which requires to be closely studied

in order to avoid trouble.
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CHAPTER II

TYPES OF ENGINES

It will have been seen that the primitive single-cylinder

internal eombustion motor has been developed into a wide

range of types distinguished not only by numerous

cylinders, but also by the manner in which such cylinders

are mounted. Then, again, we have the cylinders arranged

in two or even three rows or banks, and (touching on aero

practice) we have star-shape motors in which the cylinders

radiate around the crank-shaft, and more than one design

in which the cylinders themselves rotate. Yet another

type of engine is the two-stroke motor, and, in addition,

there are the important groups of Diesel and semi-Diesel

engines, in which heavy oils are burned, either by some

form of ignition or by the heat generated through

compression.

With regard to motor car engines, the governing factors

which operate in limiting the varieties of motor in common
use are power, chassis space, general utility, and cost of

production. For the lightest and simplest form of motor

bicycle, the single-cylinder engine still holds its own, and

by detail improvements in design it has become a wonder-

fully serviceable instrument for taking light loads at

high speeds. Very steep gradients increase the load so

much that the inherent defects of the single-cylinder motor

are made apparent ; but variable speed gears minimize

this defect to a considerable extent, and it can rightly be

argued that the single-cylinder internal combustion

engine still has its utility for locomotive purposes. In

earlier days very good results were obtained from small

cars with single-cylinder engines, the 6 h.p. De Dion and
4C
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the 8 h.p. Rover being excellent examples of what could

be done in this respect.

The two-cylinder motor is mechanically a distinct

improvement on the single-cylinder engine, since twice as

many power strokes are obtained on the crank-shaft in the

same unit of time and at the same shaft speed. Instead of

mounting the two cylinders vertically for motor cycles,

they are usually set at an angle to each other. There is

also the horizontally opposed pattern of engine. The two-

cylinder remains essentially a motor cycle and light car

engine ; but it represents a motor of great utility which is

capable of further development. It was challenged by the

early introduction of the three-cylinder motor, a form

which showed great promise at one time, but was quickly

superseded by the four-cylinder type. A radial type of

three-cylinder motor has come into existence partly as a

result of aero engine experience, but it is doubtful whether

it will enjoj' popularity.

To-day the four-cylinder vertical engine is the prevailing

type in motor car design, and it holds this position tenaci-

ously for the reason that it affords the happy mean in

efficiency, bulk, cost of production, and simplicity of

operation. Some engineers have apparently failed to

realize that the motor problem is not wholly an affair of

power production. Nor have some, so it is said, given

sufficient attention to the fact that the length of the whole

chassis or frame is strictly limited, and that the length of

the engine should be moderate in order to leave ample

space for the body work of the car. The great purpose

of an automobile being to do useful work, the platform

space must be adequate if this work is to be done in the

best manner. A sensible proportion should be allowed

in the distances from the radiator to the dash, and from

the dash to the end of the chassis. Thus the length of the

engine is an important factor, though it in turn is governed

by other considerations such as mechanical efficiency and

cost of production.

With the four-cylinder there is a power stroke on the
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crank-shaft for each half-revolution, and there is one

" dead " interval in which power ceases to be applied.

The turning effort or " torque " is consequently steady,

though, as will be seen, further improvement is possible

in this direction. In practice the first and fourth pistons

reciprocate in unison, and the central pair (the second and

third) also move together, but in the opposite direction.

With two pistons rising and two descending at the same

time a good balancing of moving parts is obtained, which

assures smooth running. As each power stroke represents

a violent thrust, rather than a gradual pressure, on the

piston, the importance of good balance and turning move-

ment is paramount. Racing and aero engine experience

has brought out the value of lightness in the moving parts,

as the pistons must pass rapidly from high speed to com-

parative rest during each out-stroke, and then pick up speed

in the reverse direction on the return stroke. With heavy

pistons and connecting-rods, etc., a great deal of energy is

consumed in this reciprocating effect.

The modern four-cylinder motor of high-grade design

and manufacture is an excellent example of a very efficient

engine built up by dint of the knowledge gained from

world-wide experience and from an incalculable number of

trials and experiments. The general symmetry of the

design is noticeable as well as the economy in space and

material. The cylinders are ranged together in compact

fashion, yet allowing suitable provision for the water-

jackets. The valve ports and the gas passages are planned

to give that free and unchecked flow which is considered

so essential for high-speed work. In some cases the gas

passages are made in the cylinder casting itself, so as to

obviate outside piping, but in every good modern design

the path of the gases is contrived so as to provide the

freest possible floAv. This matter is noteworthy, for many
years elapsed before it received the attention which it

merited.

The engine draws in its fuel by piston suction along the

inlet pipe from the carburetter. If the pipe be too large
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the suction effect will be feeble, while if the pipe be too
narrow, or contain sharp bends, the engine will not receive
enough fuel when working at full capacity—that is, just at
the time when a full supply of fuel is most essential. Some
car makers fit a comparatively powerful engine and con-
struct it with small-bore inlet piping, which prevents
the motor from giving off power proportionate to its

dimensions. This is generally termed a big " woolly "

engine of moderate piston speed, but it is a useful engine

Fig. 25.—The Sizaire-Bei-wiLk

in many respects, and the use of light but costly mechanism

which is required for the stresses of high-speed work is

avoided. However, as the internal combustion motor

develops its highest power at high piston speed, some

consider it evident that the best line of development should

be that of the high-speed, high-efficiency engine.

With the rapid rise in the price of petrol, the question

of efficiency assumes new importance, and hence in the

four-cylinder engine the principal improvements which

may be traced have been made in the direction of greater

efficiency. In the early crude engines the wastage of

4



50 MODERN MOTOR CAR PRACTICE

power was enormous from many points of view. Car-

buration was bad, the ignition was ill-timed or inefficient,

lubrication was poor, the water-cooling was haphazard,

and working parts were heavy.

Experience and racing competition brought about im-

provements in every mechanical detail to the end of obtain-

ing greater speed and reliability and reduction in weight.

In addition to this the advance of the long-stroke motor

is a noticeable feature. Early engines were, roughly, of

the "square" type—that is, the bore or diameter of the

cylinder was about the same as the distance covered by the

piston stroke. The development of the long-stroke motor

was encouraged in England to some extent by the system

of taxation which rates horse-power according to the

engine bore, disregarding the length of the stroke.

This is not the whole case as regards the long-stroke

motor, although unquestionably the chief factor affecting

power in the long-stroke motor, as compared with the

" square " motor of the same bore and rated horse-power,

is that the former engine is greater in volume, consumes

more fuel, and hence produces more energy. It is held

that the expansive force of the gas acts effectively over a

distance greater than the stroke length in the " square "

engine permits, and this is undoubtedly so at all rates of

speed. Certainly the high-speed long-stroke motor has

achieved marvellous results, and small-bore, long-stroke

motors have the further advantage of being very compact.

The limits of increase in stroke ratio were quickly found,

and moreover it is inadvisable to extend the power stroke

too much, owing to the rapid decline in gas pressure. So

it has come about that the modern long-stroke engine

generally has its stroke rather less than twice the bore,

though several makers go beyond that ratio.

The Six- cylinder Motor

With the four-cylinder engine, one power stroke succeeds

another in a manner which leaves no excessive interval

—

that is, driving pressure is always being exerted on the



Fig. 20.~The two sides of an up-todate six-cylmder engine, showing

complete electric starter gear, dynamo, and other equipment.

51
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crank-shaft. But as the power stroke of the internal com-

bustion engine is produced )iy a sharp, short explosion, it

can be realized easily that when a piston is nearing the end

of its stroke the pressure on it is of course much less than

at the commencing period. Thus, in the four-cylinder

engine one power stroke is failing in its strength when the

next power stroke occurs, and this does not reach its full

intensity instantly. Hence, in each revolution of the

engine shaft there is a halt or decline in driving power at

the moment when each firing stroke succeeds its predecessor.

At high speeds and with a well-balanced engine this defect

is so slight as to be negligible, but at moderate and low

Fig. 27.—The eliassis of an Ensign car. Note the compact arrangement

of the powerful six-cylinder engine.

speeds in some engines it has its effect in rendering the

torque or turning movement slightly irregular.

By setting the pistons of six cylinders to drive on the

same crank shaft, every power stroke is overlapped by

another.

In the six-cylinder motor each successive power stroke

comes into its full intensity of effort before the effect of the

preceding stroke has disappeared. It is evident, therefore,

that the change over from one stroke to another is smoother

than in the four-cylinder engine. At low speeds this is a

valuable feature, for, although the power strokes are

weakened either through the fuel being throttled down or

the load increasing, as when a hill is encountered, the

number of power strokes per unit of time is greater with

the six-cylinder engine. The resistance of the load is
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constant, whereas the power strokes of an engine are a

series of impulses.

Torque or turning movement is considered in discussing

the merits of the six-cyUnder motor. This can be described

as smoothness or irregularity of the turning effort of the

engine ; and in turning a handle to drive any mechanism

it is seen that a steady pressure producing a regular speed

is more powerful than that of irregular motion. In the

internal combustion engine the problem is to convert a

series of sharp explosions into a steady driving effort,

which is best done by a rapid stream of impulses that over-

lap each other just enough to bridge over the weaker periods

in each explosion stroke.

The six-cylinder motor is not, of course, without defects.

It is a more expensive engine to build, requires a greater

number of working parts, and it occupies considerable

space, thus encroaching on area used for the body. Chassis

length cannot be extended very much, since the motor car

has to be used and manoeuvred on narrow roads, but con-

siderable improvement in saving engine space has come

about by casting the six-cylinder engine en bloc, thereby

bringing the cylinders more closely together and rendering

the motor very compact.

Beyond doubt the six-cylinder motor has justified its

use, but it seems certain that it will not usurp the position

of the four-cylinder engine. In order that the six-cylinder

engine may afford satisfaction, it must be a high-grade

product, and cost of manufacture will always be relatively

hicrh. The four-cylinder monobloc engine is better adapted

to cheap production. For small car work the two-cylinder

engine may come into greater favour on the score of

economy and simplicity ; but at the other end of the scale

may be found six-cylinder engines of very small dimensions

used to drive several light cars.

Eight-cylinder M(.iors

In the search for further improvement in torque, especi-

ally at low or moderate speeds, the eight-cylinder motor
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has long been known as a practical proposition. The desire

for further improvement in torque is to secure a more rapid

sequence of power strokes on the crank-shaft without

increasing piston speed. By setting the pistons of eight

cylinders to deliver power strokes there is obtained a still

Fio. 28.—An eight- cylinder V-type engine viewed from the fly-wheel

end. The horizontal valves are actuated by a single central cam-

shaft. A striking feature of this design is the provision made for

easy valve adjustment (1920 Guy chassis).

higher degree of that overlapping which has been observed

in the six-cylinder engine.

In theory, multiplication of cylinders might be carried

to a very high pitch, but the length of the crank-shaft

offers a restraining influence, apart from the consideration

of cost and complication. The typical engine has its

cylinders A^ertical and ranged one behind the other. Each
piston connecting-rod is coupled to the crank-shaft ; the



TYPES OF ENGINES 55

need for a strong and rigid crank-shaft is obvious, and
It follows generally that a short shaft is easier to keep
rigid than a long one. With the compact four-cylinder
motor a short and strong crank-shaft can be employed.
The six-cyhnder engine requires a longer shaft, the manu-
facture of which calls for great care and skill. To mount
eight cyhnders in one row would demand an abnormally

Fig. 29.—A view demonstrating the accessibility of the V-type engine
Note how both piston and valves are exposed when the detach-
able cylinder head of the eight-cyhndered Guy engine is removed.

long crank-shaft, thus incurring risk of fracture. In
addition such an engine would monopolize too much space

in the chassis.

The difficulty mentioned is overcome in some cases by
mounting two banks of cylinders at an angle with each
other in V formation, and coupling the connecting-rods to

a crank-shaft, which is only a little longer than that of a
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normal four-cjdinder crank-shaft. In this form the eight-

cyhnder motor has become a commercial product, and the

smooth running of the engine and its general efficiency have

been well proved. But it is a comparatively costly motor to

make, and the number of valves and moving parts together

with the special problems of ignition and cooling render it

an engineering proposition which only experienced builders

care to tackle.

Fig. 30.—A twelve-cylinder Fiat engine. It develops 400 h.p., and is no
longer than a " six." This engine is intended for aero work.

Twelve- cylinder Motors

Undeterred by the difficulties of eight-cylinder engine
construction, the Fiat Company and other makers have
produced a twelve-cylinder engine with the cylinders

arranged in two rows. Such an engine is but little short

of ideal in smooth running, and the design is wonderfully
compact and symmetrical. But its power output is in

excess of average motor car requirements, and it can
hardly be imagined that a motor omnibus or char-a-bancs
calls for the luxury of a twelve-cylinder engine.
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Horizontal Engines

Gas engines, and many early petrol motors, had hori-

zontal cylinders. The system survives to-day only in some
small engines, usually of the horizontally opposed type,

in which the cylinders are mounted each side of the crank-

case. For high-power motors of more than two cylinders,

the arrangement has practical objections, as this lay-out

of the engine would entail a wide bonnet, and, in the case

of long-stroke motors, the projecting cylinders would make
the whole engine installation appear unsightly. Probably

even if there were strong technical advantages in the use

of a horizontal four-cjdinder motor for cars of all types,

it would be found that the public taste would lie more in

the direction of vertical engines, since these allow of a

neater shape of bonnet.

In general it may be said that a tall, slim engine is more

appreciated than a broad and squat type such as the

multi-cylinder horizontal motor would be. And as there

is no special advantage in the latter type, it does not exist

commercially save in the case of very small two-cylinder

motors. Here the arrangement is advantageous in many
ways, and in the case of air-cooling the cylinder-heads can

project slightly outside the bonnet, so as to catch the air

current.

F Engines

Although the vertical engine came practically into

universal use when the four-cylinder motor became the

vogue, a move was made towards the horizontal type

as soon as engines with more than six cylinders were

employed. As already explained, the eight-cylinder motor

has been found practicable when made with two banks of

four cylinders, set at an angle to each other, thus forming

the V-type. But the most general application of the V-

type engine to-day is the two-cylinder engine for motor

bicycles and light cars. Remarkably high efficiency has

been obtained, and on the score of cheapness, compactness,

and simplicity it has no superior. However, the four-
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cylinder vertical engine remains the prevailing fashion,

the six-cylinder engine continuing to be of the vertical

single-file formation. Beyond that number of cylinders,

two factors, namely crank-shaft rigidity and the length

of the engine, render the V pattern with two banks of

cylinders preferable at present.

Radial Engines

Aero engine practice has directed attention to the

matter of crank-shaft length. In radial aero engines a

number of cylinders are arranged around a small crank

case, all the connecting-rods working on to a single crank

pin. By this means an ideally short crank-shaft is used,

and consequently strength is combined with lightness,

while the balance and even running of such an engine

are very good.

Its defects for car work, however, are serious, and much
care in construction is necessary, particularly as regards

the arrangement of the connecting-rods. Then, again, the

mounting of a star-shaped engine across the chassis, especi-

ally with a long-stroke motor, involves a wide bonnet of

ungainly appearance. Where more than three cylinders

are used, the lowermost pair are rather inaccessible. Long
experience has shown that any mechanism much below

the level of the chassis frame is difficult of attention under

road-side or ordinary garage conditions, and it should be

a cardinal rule of all automobile designers to arrange all

parts needing attention in a manner which will render them
easy of access. Since the private motor car is used under

conditions totally different from workshop conditions of

upkeep, the matter of accessibility is most important.

The advantages of the radial engine may be sufficient,

nevertheless, to make it worthy of employment for

small powers. In the larger sizes, however, the vertical

and V-types hold the field as regards eight and twelve

cylinders, though in aero practice much attention has been

given to a twelve-cylinder model made up of a vertical
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central block flanked by two other banks set at an angle
thereto.

On the whole the tendency now is towards high efficiency
from a moderate number of cylinders of rather small size.
Big, clumsy engines have given way to those of neater
patterns, and the limitations of horse-power taxation, road
speed, and of car dimensions, coupled with the ever-
growing demand for more room and luxury in the car body,

Fig. 31.—A typical up-to-date straight-forward engine. It is the power
unit of the British-made Overland car.

are tending, more perhaps than some will admit, to keep the

engine size within moderate bounds. Private ownership

of motors by j^eople of little or no mechanical aptitude is

compelling the construction of popular cars affording

great simplicity and " fool-proofness." High efficiency

is hampered in this respect, and free development towards

more complex types is impeded.

Tivo-strokc Motor

As old as the four-stroke engine is the two-stroke

engine, which is sometimes, though incorrectly, styled

a valveless engine. The usual poppet-valves are dis-
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pensed with, and ports in the side of the cyUnder

serve for the passage of the gases. Generally the crank-

case is an important member in the working of this

system. In its simplest form the two-stroke motor

consists of a cylinder with ports for the inlet and exhaust,

and in this cylinder works a piston having a specially

shaped head with a ridge or deflector running across it.

The cycle of operations, described later, will explain the

Fig. 32.—A six-cylinder Hispano-Suiza engine, incorporating the latest

experience in high-efficiency motor car practice.

purpose of this construction. With the piston at the top

of its stroke and a charge of explosive mixture above it,

the mixture is ignited and the piston descends. This is

the power stroke ; the piston in its downward course sets

up pressure in the crank- case, into which a charge of

gas has previously been drawn through a valve. After the

piston has compressed the charge slightly, a passage leads

it to the inlet port at the side of the cylinder. Near the

end of its dowitward stroke the piston uncovers the exhaust

port, through which the waste gases pass. A little later in

its course the piston uncovers the cylinder inlet port which
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is opposite tlic exhaust port. The compressed charge from
the crank- case flows through the inlet port into the cylinder,

via the transfer passage specified, to take the place of the

exhaust gas which is being driven out. The deflector or

ridge on the piston head directs the incoming mixture
upwards, so that it does not mix freely with the exhaust.

Arriving at the end of its downward stroke, the piston

then commences its upward stroke, which serves to com-
press the fresh charge in the cylinder. At the same time
its up stroke causes suction in the crank- case, and this

draws in a fresh charge from the carburetter, to )3C com-
pressed on the next down stroke.

As a poM'er stroke is obtained in every two piston

strokes, there is a more uniform production of power than

in the four-stroke engine, and the absence of valves of the

usual type makes for simplicity, but, save for small power

engines, the two-stroke system has made little headway
in motor car work. Many difficulties arise, and the effect

is that the high efficiency which is nowadays required is

not obtained. The chief obstacle is connected with the

scavenging of the cylinder, so as to prevent the exhaust

and the fresh incoming mixture from mingling. A full

charge of fresh gas is therefore not easily secured, and there

is also the possibility of losing a considerable portion of

the explosive mixture through leakage in the crank- case,

as well as through the exhaust. At high speeds the

sequence of operations tends to overlapping, and experi-

ence has shown that, on the whole, the two-stroke two-

cylinder engine is far inferior to the four-cylinder four-

stroke in flexibility and power output. In Diesel and

semi-Diesel motors tlie two-stroke system has long Ijeen

employed, but the inability of such engines to meet the

requirements of motor car practice makes it unnecessary

to describe these forms of two-stroke motors in detail.

Sleeve-valve and Rotary-valve Engines

Various designs of internal combustion motors have

been produced in which poppet-valves arc replaced by



62 MODERN MOTOR CAR PRACTICE

sleeve-, cuff-, and rotary-valves. They are described in

the section dealing with valve systems, as, save for the

valve gear, they do not constitute distinct types (jf

internal combustion engines.

Diesel Engines

Although not quite within the scope of motor car

practice, it will be of utility to consider the various

types of heavy oil engines, which may be grouped

in three classes :
- (a) Paraffin or petrol-paraffin motors

approximating to the conventional four-cylinder internal

combustion engine, but with special carburating arrange-

ment
;

{b) Semi-Diesel or hot bulb motor; (c) Diesel

motor. Dealing with the second class, we have an engine

which utilizes the heavier grades of fuel by a peculiar

system of ignition, the hot bulb, which gives its name to

the motor. A small compression pump forces the fuel

into a chamber, which is heated at starting by a blow

lamp. On the compression stroke this heated fuel, on

meeting the compressed and heated air in the cylinder, is

automatically ignited. The Diesel engine proper has no

hot bulb or external heating device. In it spontaneous

ignition is effected solely by air-compression. The air

is compressed in the cylinder at the compression stroke at

a very high pressure. Fuel is injected at the appropriate

moment through a pulverizer or valve, compressed air or

actual pressure on the oil forcing it into the cylinder, where

automatic ignition takes place, owing to the high air tem-

perature and to the fine division of the oil in the area of

compressed air.

These heavy oil engines are mentioned as the question

is often asked why in the motor car paraffin and other fuels

are not used instead of the more costly petrol or benzol.

The reasons are many. The modern motor car engine

must have many special qualities, such as quick starting,

compactness, light weight, and a wide range of speed, and it

must be as free as possible from noxious vapours or odours.

Petrol, benzol, alcohol, etc., are in the nature of spirituous
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fuels which easily vaporize, and in combustion are readily

ignited, leaving little or no smoke or solid deposit. A
departure from the spirit grade of fuels introduces great

difficulty in bringing about complete and rapid combus-
tion at moderate temperatures, as well as the rapid starting

from cold. Paraffin suffers from all these disadvantages,

and, in addition, it is of such a penetrative nature that

it " creeps " or exudes from the tanks, pipe connexions,

etc., and its heavy, unpleasant smell lingers. The private

motor carriage rightly appertains to the highest standard

in cleanliness and freedom from disagreeable smells. The

use of a slow-volatile oil instead of the rapidly evaporated

spirit makes it very difficult to keep up to the highest

standards in these respects. Many attempts have been

made to blend oil and spirit, using petrol for starting, and

then switching over to paraffin, but the latter fluid almost

invariably betrays its presence through the exhaust pipe.

None the less we are steadily gravitating towards heavier

fuels, and to-day mixtures are used which are far from

being wholly of the spirit class. Improved earburation

and ignition may enable motorists to use an even wider

range of fuel. It might be pointed out that the single-

point ignition system operating with a small spark through

one dirty plug on a high-speed charge of mixture of

moderate compression is given neither sufficient power nor

time to afford ideal combustion. In some Diesel engines

the compression temperature of the air is nearly 2,000° F.,

and into this the oil is sprayed at high pressure. To

withstand this stage of compression an engine must be built

very strongly and heavily, and on lines wholly unsuitable

for motor car work.

Turbine Engines

The internal combustion turbine motor has long been

the dream of inventors and others, for it is evident

that the reciprocating motor now in use has many

basic defects, and that it wastes a great deal of energy.

But the petrol turbine has so far proved a will-o'-the-wisp
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for investigators, and the solution of the problem is one of

extraordinary difficulty. In the steam turbine there is a

gas of relatively moderate temperature, and of very steady

pressure impinging on the blades of the rotor, and

gradually declining in pressure as it passes over a number
of blades. The gas arising from the combustion of petrol

and air is of a very much higher temperature, and the

duration of its pressure is short. Thus the constructor

exj^criences the difficulty of keeping the petrol turbine

blades from melting, as well as the further drawback that,

after the first sharp explosion, the expansion of the gases

falls off very rapidly.

A turbine, when complete with its compressors, coolers,

and other attachments, could not well be ligliter or less

bulky than the modern high-efficiency reciprocating motor

of the same power, and the cost of construction might

prove to be much higher. It would be idle, however, to

maintain that it may not be possible to evolve a satisfactory

form of turbine for use with the heavier oils.



CHAPTER III

THE SYSTEMS AND PRINCIPLES OF
CARBURATION

Mensuration, although a ^'ital function of carburation,

is by no means the only one to be considered ; indeed,

there are other aspects which liave quite as much influence

on economical running, high atoniization and its corre-

lated good distribution, for instance.

In view of the prevalent opinion that measurement is

the whole story, the fundamental requirements for good

carburation will be first stated, before an explanation of

carburation principles and a description of how these

principles are utilized in modern carburetters are given.

It is essential that the carburetter shall apportion the

petrol and air in a pre-determined quantity, without

variation caused by different engine speeds and loads.

This does not mean that a constant petrol air ratio is correct

for all circumstances. When throttling, for example,

owing to the retained products of combustion, and loss of

compression, a richer mixture is required than at full

throttle. Again, when the engine is losing speed at full

throttle by increased load, the petrol air ratio should either

remain constant, or, if a good " hang on top " is desired,

the mixture should become slightly richer as the revolu-

tions lessen. It will be seen that in certain types of

carburetter the throttle curve can be scmi-mechanically

obtained, because it is dependent to a large degree on

throttle movement ; the power curve must on the con-

trary be corrected by purely physical means.

As its name implies, the carburetter must " carburet " the

air. Complete vaporization of the fuel in the time avail-

able is impossible, even if desirable, and therefore a high
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degree of atomization is essential, both as a preliminary

to, and a substitute for, evaporation.

Full power is obviously unattainable if the charge

volume is limited. In many carburetters atomization is

produced by high ^'clocity through the choke, and a high

velocity through the induction pipe is continued so as to

reduce deposition. This high air speed, although essential

for atomization and good distribution, with the type of

carburetter under consideration, must definitely limit the

engine power, unless the engine valves themselves, as is

often the case, are the limiting factor.

It will thus be seen that the requirements of volumetric

efliciency and atomization are incompatible. Those

carburetters, however, which use in some form diffuser

air, are to a considerable extent outside the above limita-

tion, because, as will be explained, with this system

atomization can be achieved without using high choke

velocities.

The minor factors include the requirement of a larger

proportion of petrol to air for starting, and a somewhat

richer mixture for idle slow running, the absence of a

definite change-over period from the slow running to the

main carburation, and so on, which are treated in more

detail later.

The foregoing requirements should all be fulfilled with-

out the aid of moving parts, as these, under the necessary

conditions of absence of lubrication, and the presence of

abrasive dust, are evidently subject to rapid wear and
sticking or seizing, and as the best modern carburetters

attain their functional results without them, they may be

considered obsolete, and are probably, in any case, only

retained because of vested interests.

The various means by which the above requirements

are fulfilled, and the principles iuAolved, are as follow.

As regards measurement, it should be remembered that

the proportion of petrol and air by volume required is

appr()xin\ately ^-^^ to 1. The instrumental delicacy of

the operation will then be more readily appreciated. The
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extra air valve is among the earlier means of correcting

the tendency of a simple jet in a choke to give too rich a

mixture at high speeds, if it be sufficiently large to deliver

the requisite amount of fuel at low speeds. This feature

is prominent in well-known American carburetters,

although it has been discarded in European practice. It

has very definite defects, such as continual fluttering, which

can only be restrained by a very efficient dash-pot, which

causes rapid wear and the necessity for frequent readjust-

ment ; furthermore, the device can only function accur-

ately at one definite speed, as may be understood when it

is remembered tliat the depression in a tube caused by

an air stream is proportional to the square of the velocit)^

while a spring deflexion is proportional to the load
;

therefore, there is a definite tendcncj' to impoverishment

of the mixture (over-correction), and this can only be

partially overcome by the use of supplementary springs

and similar devices. Among the earliest carburetters to

employ this device was the " Krelj's " carburetter, which

in the daj's of non-automatic carburetters marked a con-

siderable advance.

A. B. Brown, the American carburation specialist, in his

Handbook oj Carburation, states that :
" The inherent error

of the auxiliary valve is by no means of theoretical interest

only. It still remains a factor of such intensely practical

effect, despite the remarkable ingenuity that lias been

displayed in various attempts to correct it, that its

elimination would ciTect an annual saving of thousands of

dollars to both manufacturers and users of motor cars."

A floating vacuum valve with the needle attached is a

device that can be made to give a very close approxima-

tion to constancy of petrol air ratio ; but this system has

inherent disadvantages, which arc : that it is not possijjle

to have a valve lifted by the air stream, without the work

done on the valve resulting in a loss of charge volume
;

further, the inertia of the valve is detrimental to good

measurement when the car bounces on an uneven road

surface.
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Owing to the variation in the mixture strength which is

required, as between full throttle and small throttle open-

ings, and the varying coefficient of flow from the annulus,

according to whether the needle is more or less withdrawn,

causing an amount of fuel emission which is neither pro-

portional to the change in area of the annulus, or change

of depression, the needle cannot be a straight taper ; and

in view of the extreme delicacy of measuring directly on

the
g^-jydi,

part of the total mixture volume, quantity

production of accurate needles is practically impossible.

In addition to the usual disadvantages of sliding parts,

there is superadded the effect of the needle ultimately

wearing the jet oval.

A well-known carburetter is built on this principle, but

it is so constructed as to nullify in a large degree its major

defects. In this case the valve is not operated directly

by the velocity of the air stream, but is moved by the

static depression which exists in the mixing chamber, and

which, therefore, need take no energy from the air stream.

Further, the valve, owing to its being placed at a nearly

right angle of inclination to the vertical, will be very little

influenced by car bouncing, and because of the broad

wearing surface of the valve and its guide a long period

must elapse before wear of the jet will occur ; again, the

valve is in the form of a large area bellows which gives it

considerable power, and will probably enable it easily to

overcome any tendency to stick, caused by dust. The
inherent defect of the impossibility of using a straight

tapered needle, however, still remains, and, as far as can

be seen, cannot be overcome.

There are many combinations and variations of this

principle of the floating vacuum valve, with a jet

needle attached, in use, but as all suffer from the

same sort of defects, no further time will be spent

on describing these devices. The types which achieve

their mixture proportionment without moving parts

other than the throttle may more profitably be

considered.
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Variable Choke Effect obtained by using a Barrel Throttle

This principle is used in two different ways, and in botli

cases is not only useful from the point of view of mensura-
tion, but also definitely enhances atomization, as will be
explained luider that heading. One of the prime diffi-

culties existent is to procure a sufficient petrol supjily at

small throttle ojjenings, without getting an excessi\-e flow

at full throttle.

It is well known that the depression in the induction

pipe, behind the throttle, is much larger than in the choke

when the engine is running throttled, and is less there

when the throttle is opened ; the effect of the barrel throttle,

so to speak, is to place the jet under the influence of the

static suction of the induction pipe— in a modified form

—at small throttle openings, while at full throttle the jet is

acted on by the dynamic suction of the carburetter choke.

Thcoreticallv, on the " throttle curve " perfect mixture

proportionment can be achieved by cutting the entry

side of the throttle so that its opening, in relation to the

exit side of the throttle, will give such a depression in

the interior of the throttle as to cause the desired rate

of flow from the jet at each throttle opening position.

This in itself, however, is not enough, because the speed

of the engine may vary at each throttle position, and will

certainljf vary very widely at full throttle, coincident

with changes of load— in other words, on the " power

curve."

In one example the measurement is attained by a sleeve

fixed to the throttle, and rotating with it, Avhich has a

hole in its crown. At full throttle the hole registers with

the jet orifice, and at closed throttle position it more or

less closes the jet orifice. Obviously, wear at this point

will be very detrimental, and no provision is made for

correction either on the power curve, or for varying speeds

at a given throttle opening. Therefore, this particular

application of the barrel throttle principle cannot be

commended.
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In another type of barrel throttle carburetter the

qualities of air friction in a .small tube are made use of

for correction on the power curve, and for varying speeds

at a given throttle opening, in addition to the effect of

the A-ariable choke on the throttle curve. Air friction in

a small tube increases at a faster rate than in a larger tube,

and ultimately a critical velocity is reached, when, with

any definite pressure available at one end of the pipe, no

further increase of air flow is obtained, despite an increase

of suction at the other end of the pipe. The jet is situated

in the small bore pipe, and is exposed to the dynamic

suction there, consequently if the size of the small bore

air tube is correctly proportioned to the size of the sur-

rounding air tube, any type of power curve can be obtained,

varying from a straight line to a curve, showing an enrich-

ment of the mixture, as the revolutions decrease under

load. This latter feature is useful if a " hang on top " is

desired, as it generally is for pleasure car work, but for

commercial vehicles it is probably more economical to

use the straight line tyjse of curve, and to change gear

earlier.

The above-mentioned power of altering the tj'pe of

curve is, however, confined within narrow limits by the

necessity of using a high Aelocity through the small air

friction tube, so as to secure atomization. For this reason,

it is usually necessary to make the smaller tube so small

that the critical velocity occurs at too low an air speed,

and therefore over- correction takes place

—

i.e. weakness
at full throttle if the mixture is right when throttled

— before the engine has attained full speed at full

throttle.

Differential Air Fhiv Dynamic Correction

This principle of carburation mensuration is used in

carburetters as at present constructed, in conjunction with

a barrel throttle, although it can be designed to work
with an ordinary type of throttle. It is one appHca-
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tion of Bernoulli's theorem to carburatioii. Briefly

stated, the total energy in a column of fluid moving in

a tube remains constant, and an increase of ^'elocity

in any part of the tube results in a loss of pressure, and
vice versa.

As applied to the carburetter, a small bore passage has

its exit in the interior of the throttle barrel, and this air

passage surrounds the jet, a connnunication being made
between this air passage and the choke. It will be seen

that this small bore passage forms an ejection tulx', which

will conform to the corrective principle of air friction

explained above ; but there is superimposed on it a further

principle, which has a more direct action on each end of

the throttle curve.

A suitable combination of these two means can result

in a mixture that will retain the desired proportionment,

either approximately constant, or varied in a jdre- deter-

mined manner, as may be found desirable for particular

engines. Imagine now the engine running with the

throttle nearly closed, the depression in the interior of the

barrel throttle will be high, and air will be drawn both up

the ejector tube from the outside, and down the differ-

ential air tube into this ejector tube. This rush of air

will cause a delivery from the jet under conditions of

dynamic suction. As the throttle is opened wider, the

braking eflect of the skin friction in the ejector tube will

come into action progressively, and at the same time the

air velocity through the choke will increase, and prevent

so much air passing down the dilfcrential air passage, until

at full throttle the flow down the differential air tube

will be either stopped, or reversed in direction, according

to the areas and position of these two tubes respectively

in the design employed.

The function of this differential air tube is therefore

seen to be, at small throttle openings, to increase the

amount of air supplied to the ejector tube, and at full

throttle to decrease the amount of air supplied, and in

extreme cases to stop the air altogether; in this case
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the jet in the ejector tube would no longer be subjected

to direct dynamic suction, but to an indirect static suction,

caused by the stoppage of the air flow combined with

the ejector action of the main air flow passing across

the top of the ejector tube in the main air passage of the

carburetter.

It Avill thus be seen that air friction in the ejector tube

has most corrective effect on the measurement throughout

the middle range of the throttle curve, while the differ-

ential air tube acts more potently at each end of this

curve. This principle is used in small carburetters made
for use with light cars and motor cycles ; it is not suitable

for large size carburetters, for reasons having connexion

with atomization, as explained later in this chapter, and

also because the area of the passages must be compara-

tively small, to allow the retardation of air flow, due to

skin friction, to occur within a range of velocities that

can be usefully employed without limitation to the charge

volume.

Correction by Difjuser Air

Devices using this principle are sometimes also known
as " mixed flow " carburetters. This system is by far

the most important and efheacious of any at present

known. It can be made to function perfectly, without

the use of any moving parts, and the same means that

give the desired mixture proportionment are also of

considerable assistance towards promoting atomization

without volumetric loss.

The three main systems working under this principle

are : (1) The use of a submerged jet in a well, with a

calibrated air orifice to the well, which offers a predeter-

mined resistance to the air flow through the well. Obvi-

ously any given jet, under these conditions, can be made
to give a type of curve varying from that due only to the

difference of head between the level of the submerged jet

and the level of petrol in the float chamber, i.e. a constant

quantity per unit of time independently of the engine
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suction, through \'aric)us degrees dependent on the amount
of air allowed to enter the well, up to the type of flow

given by an uncorrected jet, which would occur if no air

is alloAved to enter.

A carburetter acting on this principle was used on sonic

aero engines during the middle period of the late war ; it

seems, however, that no carburetter on the same lines

has been made for use on motor cars. One defect of this

system is that a change in the jet size will alter the shape

of both the throttle and power cur\re unless the air orifice

to the well is also changed. Further, it is extremely

difficult to get the right type of cur^e, without individual

tuning for each type of engine ; and the exit from the

well being constructed at the l^ottom, no air can flow,

combined with the petrol from the jet, until the well is

completely enapt}'.

An ingenious modification of this system has been

recently designed, which, while it leaves some of the

defects above enumerated untouched, yet, at the expense

of the mechanical complication of interconnecting a cock,

which controls the air supply to the well, with the throttle,

can be made to vary the throttle curve within very wide

limits—by suitable modification to the ports of the cock

and the period of opening. Nevertheless, it appears to be

a definite disad\-antage, inherent in this type of mixed

flow carburetter, that the well nmst be completely empty

before the mixed flow of petrol and air can issue from the

nozzle.

(2) The next system to be described, acting on the diffuser

air principle, is that in which the correction is in part

only due to diffuser air. In this case, in the compensating

well the use of diffuser air is carried to the limit, i.e. the

submerged jet is entirely relieved from engine suction,

and delivers only the amount of petrol, as governed by

the size of the jet, under a constant head, of the difference

of level between the jet and the height of fuel in the float

chamber; but combined with the dchvcry from this

well is the flow from an uncorrected ordinary type of jet
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without air admixture. By suitable variation in the sizes

of the main and compensating jet, it is possible to obtain

a close approximation to the ideal mensuration on the

throttle and power curve : but if, as is usually the case, the

characteristics of the throttle and power curve are required

to be different, then a compromise setting can be employed,

which will approximate on both curves to the desired

result.

It is not possible to alter one curve without affecting

the other, as will readily be understood when it is remem-

bered that the effect of these two combined jets is directly

influenced by the air speed through the choke, irrespective

of throttle position ; therefore, if it be desired to use a

type of power curve that enriches, as the engine " revs "

decrease under load, so as to secure a good " hang on top

gear," it can be obtained by increasing the relative size

of the compensating jet. The same enrichment will

occur when reducing the engine speed by closing the

throttle, which will militate against economical running

at throttle positions. On the other hand, if the compen-

sating jet is small relatively to the main jet, then a straight

line or weakening power curve may be obtained, calling

for a rather earlier gear change than with the previously

indicated setting, but the same weakening will occur

when throttling, and economical running is likely to result.

Similarly to the preceding class the exit from this well is

at the bottom, and therefore it must be practically empty

before the mixed flow of air and fuel can occur.

Diffuser Air with a Progressively EmpUjing Well

(3) This is the third method of using diffuser air, and is a

very admirable scheme, as it permits of accurate measure-

ment, despite the fact that the whole of the fuel delivered

is always emulsified by admixture with diffuser air, and

the well is progressively emptied.

The measurement of the petrol, although strictly pro-

gressive, may be described as occurring in two stages, but

it is in each stage, strictly, a diffuser air type of correction.
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The slow-running jet projects into the interior of the
barrel throttle and is supplied with petrol in series with
the main supply. Although ealled a slow-running jet it

has, in fact, an effect a considerable way up the throttle
curve, for it functions both as a slow runner and an inter-
mediate jet

; there is a slight overlapping period when
both the slow runner and main diffuser are functioning
together, but, as soon as the main diffuser really begins
to function, the slow runner is automatically cut out of
action.

This will be more readily understood during the explana-
tion of the action of the main " diffuser," as the progres-
sively emptying well is generally known. This diffuser

may be considered to be, in its essence, a compensating
well, with the petrol entry at the bottom, and controlled

by a calibrated orifice in the usual manner. The exit

for the mixed air and fuel is at the top, with provision for

the entrance of diffuser air, at different heights, as the
level in the well falls under increasing demands from the

engine. This system not only allows a progressive empty-
ing of the well, but also permits at each stage an entry

of a progressively increasing amount of diffuser air, to

promote an emulsification of the larger amounts of fuel

delivered as the engine suction increases. Under this

engine suction air is drawn through small holes in the side

of tlie well and, as it blows through and across the top

of the petrol, it imparts its velocity to the fuel, thus

enabling the mixture to be drawn from the nozzles of the

diffuser in an atomized condition. As the level falls in

the well, more air holes are uncovered ; hence the mixture

would become too weak, but for the fact that the effect

of this air dilution in relieving the suction on the jet is

nullified by the increase of gra-s'ity head between the level

of the fuel in the float chamber, and that of the fuel in

the diffuser well, as the level in the latter falls.

Reverting to the slow runner : wlieia the fuel in the

well falls below the feed hole supplying the slow runner

tube, it is put practically out of action. By suitably
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arranging the location, size, and number of air holes in the

emulsion tube, however, witli relation to the degree to

which the main jet is submerged beneath the normal

fuel level, almost any type of desired throttle or power

curve can be attained. These two curves may be made

to vary in form independently of each other, in so far as

the throttle curve is subject to the influence of the slow

runner tube, which may be maintained in action longer,

or caused to cut out sooner on the throttle curve, by

suitable modification to the air cuttings in the barrel

throttle, and alterations to the height of the feed hole

supplying tlie sl(nv runner.

Before leaving the sul^ject of mensuration it may be

remarked that there arc carburetters employing a multi-

plicitjf of jets, each one of which is progressively uncovered,

either by a throttle interconnexion, or by a suction-

operated vah'c. As this can hardly be described as a

principle, it is perhaps onlj' necessary to remark, that

beyond the inconvenience of having many jets to change,

there is the fact that each jet will only function accurately

at one particular speed, and will be wrong for all others

during which it is functioning. Despite this, however,

there are carburetters made on this system which give

reasonably efficient ser\'ice.

All devices for effecting slow running at present in use

require to be set for a compromise, somewhere between

the requirements for starting, for slow running, and, as

far as possible, to minimize the change-over period between

the dying out of the slow runner and the coming into

action of the main carburetter.

As at present constructed, all the methods of obtaining

this slow running—or at least those known to the public

—make, in effect, an additional small carburetter, which

is arranged to function during a strictly limited period.

There arc two principal systems only, but many minor

variations in the way they are carried out. In both

schemes a dipping tube in the well is employed, this tube

being cut out of action immediately the level in the well
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is caused to fall IdcIow the feed orifice in the supply tube,

by increased suction. In the type using the quick- empty-
ing well, however, because the well must empty immedi-
ately and completely—practically speaking— when the

compensating nozzle begins to function, tlie cut-off period

is not determined solely by the requirements of the slow-

running jet.

In the other type, in which a progressively emptying
well is used, as explained previously, the cut-off period

may, if desired, be arranged to take place very late in the

throttle range, according to the position of the feed hole.

Both systems are again alike, in the fact that they use,

indirectly, the high suction existing in the induction pipe,

behind the throttle, at such throttled positions, to promote

an adequate supplj^ of well-atomized petrol, despite the

low suction present in the choke at that time.

As complete evaporation of the fuel is impossible in the

short time intervening between its emission from the jet

and its entrance to the cylinder, the best possible degree

of atomization must be substituted in its place. From
this it must not be assumed that complete evaporation,

except solely from the point of view of distribution, would

be preferable. Indeed, there are very good reasons for

thinking that complete evaporation would result in an

actual loss of power. One is, that the liquid petrol is only

87(7(70 by volume of the total charge, whereas petrol vapour

is approximately 2 per cent, of the charge.

There are, of course, other factors which also count.

The prime reason for requiring this high degree of atomiza-

tion is founded on the fact that the vapour tension and

the weight of the petrol globules are inversely propor-

tional to the cube of their diameters ; therefore, these

small globules will not only have little tendency to fall

out of suspension, but also their high vapour pressure

tends to prevent tliem coalescing and forming larger

drops. The types of mixture in the induction pipe which

contain large drops, or small drops, respecti\'cly, may be

compared with, in the one case rain, in the other to a
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persistent fog, which latter, as anyone may observe, shows

Httle, if any, tendency towards deposition.

Unfortunately it is not possible mechanically to pro-

duce so fine a division as to simulate a fog ; this can only

be done by evaporation and recondensation. Practically,

therefore, atomization is procured in modern carburetters

either by the disintegrating effect of high choke velocity

—which, however, must to some extent, by wire draw-

ing, limit the engine power (by the use of obstructions,

such as baffles and gauzes—which also, by their fric-

tional resistance, must result in definite loss of charge),

or by the use of diffuser air, which is the most jjractical and

efficient method of securing atomization at present known.

This air, which mingles with the fuel, by reason of its

lower viscosity, travels at a much higher rate than that

at which the petrol leaves the jet. Some of this velocity

is imparted to the issuing petrol, and the combined flow,

when it meets the main air stream, is subjected to a change

in direction, and to further mechanical atomization. In

this respect, the " progressively emptying well " method
of using diffuser air has much in its favour, because it

enables the maximum of this air to be used at the time

of maximum petrol flow, without spoiling the mensura-

tion ; and the whole of the petrol is supplied in an atomized

condition.

When the system in which the suddenly emptying type

of well is used, in conjunction with a throttle- intercon-

nected cock controlling the supply of diffuser air to the

well, the whole of the fuel emitted is mixed with

diffuser air, after the well has emptied
;
yet this system

suffers in comparison, because the diffuser air is reduced

to a minimum at the time when the maximum amount of

fuel is flowing.

In small carburetters the tiny jet is in itself an efficient

atomizer, or sufficiently so for all practical purposes, more
especially if its direction of flow is approximately at a

right angle to that of the main air stream. At partially

closed throttle position, the high velocity past the edges
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of a butterfly throttle has an undoubted effect in breaking
up the petrol stream. A similar but enhanced effect is

aclneved as the mixture passes, at high velocity, the

entering and exit edges of the barrel type of throttle.

In connexion with this question of atomization and its

correlated good distribution, it is interesting to note that

ultimately the whole of the later British aircraft in the

war which used automatic carburetters were fitted with
the type in which the whole fuel supply was subjected to

the action of dilTuser air.

Another principle in use for securing atomization is the

multiplication oi' depression obtained when a small ven-

turi tube is placed concentricalh^ in a larger venturi, with

its exit at the area of greatest depression in the larger

choke. By this means an extremely high velocity can

be obtained through the smaller tube, with a remarkably

small pressure drop across the carburetter. This system

was used in sonic of the later aero carburetters and was

very successful. In connexion with the foregoing re-

marks on mechanical atomization as achieved by high

choke velocities, and its detrimental effect on engine

charge volume, it nmst be remembered that in compara-

tively inefficient engines, in which the effective value

area is the limiting factor, a much higher choke velocity

may be used without power loss than is the case with more

eflficient engines.

Distribution and Mixture Heating

In practice no difficulty is found as regards quantity

distribution between the cylinders, the only trouble of

importance being the question of quality distribution.

If the mixture were a perfect gas, equal distribution

would be easy to achieve. As this cannot be obtained,

and is for some reasons undesirable as previously explained,

atomization is substituted, and consequently at bends,

and other places in the induction system where eddies are

formed, the larger petrol globules fall out of suspension,

and are deposited as liquid.
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When once flowing in this form it is not possible to pre-

dict the ultimate destination of the fuel. One method

of preventing such deposition is to keep the gas velocity

through the induction system high. This practice gener-

ally leads to a compromise jjetween the high gas velocity

necessary to maintain the fuel in suspension and the

lower mixture speed essential for volumetric efficiency.

In any case, the higher the degree of atomization achieved,

the lower may be the mixture velocity, providing that it

holds the fuel in suspension.

This deposition is often miscalled condensation

—

obviously the fuel cannot condense unless it has previously

been evaporated. It is not necessary to enlarge on the

fuel waste caused by bad distribution, because it is per-

fectly obvious that when the fuel is unequally distributed

to the cylinders, some cylinders must be burning fuel to

waste, in order that the weaker ones may fire at all, or

avoid causing " popping back." Further, bad distri-

bution requires a bad carburetter setting, which is one

origin of the legend that certain carburetters only suit

certain engines.

The best type of carburetter can always be relied on to

give maximum results if the distribution is good, or it can

be detrimentally altered—considered purely as a car-

buretter— so as to compensate for engine defects ; but

certain other carburetters, possessed of mensuration

defects, which at certain speeds coincide with, and com-
pensate for, particular distribution troubles, may perform

better on the particular engine in question.

In view of the I'act that evaporation of a liquid cannot

take place without heat transference, some kind of ex-

traneous heat applied to the induction system is absolutely

essential. The idea that any heat applied to the mixture
must result in loss of efficiency, because of a supposed
reduction of the weight of charge per unit volume, is very

largely fallacious, because the effect of the evaporating
fuel in rendering heat latent is not taken into account.

In fact, if the heat be properly applied so as to evaporate
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only deposited fuel, relatively a large amount may be

used without appreciable increase in the temperature of

the mixture in the induction system. Very strong opinions

are held as to the relatiA-e merits of the dillercnt methods
of applying heat. Actually, the best method depends to

a large extent on the particular type of carburetter, and
the induction system used.

The source of the heat, whether it be from the water

circulation or the exhaust, is not of much importance, so

long as there is enough of it. The best place of applica-

tion is probably surrounding the uptake from the car-

buretter, which should be as long as is conveniently possible.

The reason for choosing this situation is that the larger

globules fall out of suspension, and are deposited on the

uptake wall, owing to the retardation of the mixture

stream occurring there ; thus the whole of the heat is use-

fully employed in evaporating this deposition before it

reaches the actual distribution pipe. In fact, this is all

the heat application that is necessary, if the fuel is well

atomized.

In those carburetters, however, in which the fuel

emerges from a spigot jet directly up the centre of the

uptake, the " hot spot " type of heating is undoubtedly

advantageous, as the flow from this type of jet impinges

directly on the " hot spot," being thus partially atomized

and partially vaporized. It may be thought that the

petrol stream, as such, would not reach this spot, but

investigators have actually seen (through a glass window

inserted in the induction pipe directly over the outlet of

the uptake) a petrol stream impinging on the glass as

though it were ejected from a squirt, and this despite the

fact that a butterfly throttle intervened. Ob\iously the

jet does not strike— in all cases—on the edge of the butter-

fly throttle, as is often supposed, but is deflected with the

air stream past and round it. In the case referred to, both

carburetter and jet were ^'ery large, Imt this feature

would be unUkely to be so pronounced in a smaller sized

carburetter.

6
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In general it may be said that, considering the great

effect induction pipe design has on distribution, and

consequently on fuel economy, engine designers have, in

the past, paid far too little attention to this matter, but

often blame the carburetter designers for their own short-

comings. The considerations governing good induction

pipe design are now known, hence there is no excuse for

continuing the rule of thumb method, by which correct

functioning is sacrificed to exterior appearance and the

" fetish " of " clean design." Prolonged investigation

suggests that in many instances the carburetter is treated

as a mere accessory to the engine, under the mistaken

impression that the mixture can be led from it round in-

volved bends and corners, just as the high tension current

from the magneto flows along the cables.

Manual Override Mixture Controls

Assume a good distribution system, and a thoroughly

good carburetter, there is still some use left for an override

manual mixture control, but only in the hands of a really

skilled driver. Its purpose should be strictly to com-

pensate for climatic and load variations, and temporarily

for use while the engine is warming up. For reasons

which will be more fully considered under the subject

of starting systems, the same carburetter setting which

runs well when the engine is warm, functions imperfectly

with a cold engine. Therefore one very obvious use for

a manual control of the mixture is that it allows a com-

promise setting to be eliminated, and the mixture may
be only temporarily enriched at small throttle openings

and until the engine has warmed up ; thereafter a weaker

mixture may be profitably used.

Changes of altitude would also require manipulation of

the override control, for best results. Diffuser air car-

buretters have inherently a certain amount of automatic

correction for changes of air density ; nevertheless, it

is sometimes an advantage, even with this type, further

to cut down the petrol svipply when motoring in a moun-



SYSTEMS AND PRINCIPLES OF CARBURATION 83

tainoiis district. Obviously this is more conveniently
done by means of an override manual control of the
mixture proportionment than by changing jets. The
law governing petrol flow through changes ol" air density
is that the flow is not proportional to density, l)ut varies
as the square root of density.

With most engines at full throttle, there is a consider-
able difference between the mixture proportionment re-

quired for maximum power and that for maxinmm
thermal efficiency. Therefore the override control can
be used so as to run normally, on the most efficient mix-
ture, and the mixture proportionment for maxinmm
power only brouglit into action when really required. It
is. necessary, however, to warn the unskilled against the
abuse of an override manual control, as extravagance is

as easily incurred by using too weak a mixture— which,
of course, necessitates larger throttle openings -as by
using the mixture too strong, and it is in the direction of

over weakening that a hand control of the mixture is most
often abused.

It will thus be seen that any form of hand override

control should, if possible, not affect the shape of the

throttle curve normally given by the carburetter, but
should displace the whole curve parallel. In other words,

the alteration to the mixture strength should be in the

same proportion throughout the entire engine range of

speed and load. This is, howc\'er, extraordinarily diffi-

cult in practice to achieve, and therefore, as some departure

from the ideal is almost ine\'itable, it is better that use

of the override contrrjl on motor cars should cause more
impoverishment at full throttle than at small throttle

openings. This requirement renders the use of any extra

air valve, connnunicating with the induction pipe behind

the throttle, inadvisable ; Ijecausc at closed throttle posi-

tions the static depression here is \ery high indeed, and

leads to a large dilution, while at full throttle the

depression in the induction pipe is comparatively small,

and the quantity of air drawn in is negligible.
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Considerable attention was given to this matter in con-

nexion with altitude control for use on aircraft during

the war. Three systems were eventually evolved, which

included direct control of the petrol supply to the jet by

means of a needle valve ; vacuum control, which allowed

part of the suction existing in the choke to act on top of a

fuel in the float chamber, and thus, by lessening the pressure

difference between these two points, to reduce the fuel

emission ; and a control acting on the diffuser air supply.

All systems answered extremely well in practice, but

on the whole, perhaps, control of the diffuser air gave the

best results, because at the same time as the mixture is

weakened by the influx of more diffuser air, the atomiza-

tion is improved.

In the English climate, and with the fuel obtainable up

to the present, no real difliculties have occurred in starting

motor engines from cold. In America, however, where

very low winter temperatures are reached, much attention

has been compulsorily given to this subject, and, in view

of the imminent advent of less volatile fuels in England,

the problem is now an urgent one here.

A greater quantity of petrol is essential wdien starting

cold, because the majority of the fuel is dej^osited, and

only the lighter fractions are carried on into the cylinders,

more or less in the form of vapour, to form an explosive

charge. Further, the conditions at that time, in the

cylinder, are not favourable for a good explosion. Owing
to the low turbulence, the rate of flame propagation is not

high, and for this reason, and because of the low tempera-

ture, the inflammation partakes more of the nature of

burning than explosion, and consequently the impulse

imparted to the piston is too feeble to cause the engine

to carry on over the next compression. Popping back
also frequently occurs, because combustion is not complete

by the time the inlet valve is reopened. This question

of turbulence is an important reason why sharp action of

the starting handle is so much more efficacious than slower

movement.
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The lack of turbulence at low cranking speeds has

become of topical importance with the ever-increasing use

of electric starters. A comparatively rich and faster burn-

ing mixture is essential to enable a start to be olitaincd

in cold weather, Avith present-day fuel. Lack of fuel

evaporation at starting is usually compensated for bj'

flooding the carl^uix'ttcr, either directly by means of the
" float tickler " or indirectly through an air shutter or

strangler, the object of which is to place the jet under the

high static depression existing at the time in the induction

system.

The best form of strangler is probabh' that in which a

cone is slid into the choke, so that at the same time as the

depression on the jet is increased, an extremely high air

velocity is caused to occur in the annulus between the

cone and the choke ; thus any deposited petrol which

attempts to run out is caught up by this violent air stream,

and re-atomized, instead of lying in a pool in the air intake,

as must occur with the ordinary type of " strangler."

This sliding cone is used on certain aero engines, and is

rapidly coming into favour in America on motor cars.

Other aids to starting are the provision of an electrically

heated element, which is temjjorarily used for volatilizing

in a separate starting well, and which is cut out of action

when its purpose has been served.

Still another system is that in which a portion of the

charge is ignited in a separate chamber, and the hot

combustion products are taken through long, small pas-

sages—so as to kill the flame—into the induction pipe or

mixing chamber, and there assist in volatilizing the re-

mainder of the fuel supplied for starting.

The ignition system can and does have a very profound

effect on the earburation problem. The carburetter is

often blamed for the ignition faults, and vice versa. There

is a bitter feud between the two camps. Some blame the

ignition for all earburation defects, and others lay to the

carburetter the result of ignition faults. The true state

of the case is that to a very large extent they are mutually



86 MODERN MOTOR CAR PRACTICE

dependent. For instance, it is perfectly trne to state

that, given a good spark when cranking over, the engine

must start if the carburation is right. It is also equally

true that if the sparking plug is pocketed so that the

mixture cannot reach it, then, despite the good spark, the

ignition is at fault for difficult starting. Pocketed plugs

are also often the cause of extravagant slow- running

consumption.

Further, on some engines it is necessary to use an

excess of fuel under full load, in order to keep the sparking

plug terminals cool enough to avoid pre- ignition originat-

ing from that point. Enough has probably now been said

to show that ignition faults often require an inefficient

carburetter setting in order to correct them.

It is hard to believe that the threatened impending

shortage of petrol will, in the end, prove to be deleterious

to the continued development of the high-speed internal

combustion engine. On the contrary, it should lead to

the rapid evolution of more efficient types designed to

utilize substitute fuels. It is probably true to state that

the present-day efficiency of the petrol engine has been

reached in spite of, and not because of, the qualities of

petrol.

This fuel has undoubtedly^ two good qualities, which

are its high vapour pressure and consequent easy vaporiza-

tion, and its high calorific content. Owing, however, to

its comparatively low self-ignition temperature, and partly

to its high rate of flame propagation when approaching

this critical temperature, this fuel verj^ definitely limits the

compression ratio that can be used. On the other hand,

alcohol or an alcohol-benzol mixture, while admittedly

presenting starting-up difficulties—which are, however, by

no means insuperable— allow a much higher compression

ratio to be used, because of the relatively lower self-ignition

point of these fuels or a mixture of them.

The large explosive range of alcohol can also be utilized

to enhance the thermal efficiency of the engine, while the

undoubted disadvantages, when running throttled, of the
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low rate of flame iJropagation of this fuel can be obviated
by well-known means. Under i:)resent conditions, with
an engine modified to run on a mixture of benzol and
alcohol, it has been found possible to obtain the same
number of miles per gallon as with petrol, and there is

little doubt that with an engine especially designed for pure
alcohol, owing to the high thermal efficiency possible, more
miles per gallon can be obtained with alcohol than with

petrol, despite the higher calorific value of the latter fuel.

Paraffin as a substitute fuel is, in the view of many
entitled to speak with authority, hopeless, both for

economic reasons in connexion with its source of supply

and because of certain inherent defects. In the first place

it cannot be contained in the tank, but " creeps " all over

any vehicle in which it is used. It causes inevitable crank-

case oil dilution. As explained by Dr. W. R. Ormandy,
this is not caused so much by actual trickling down the

wall of the cjdinder, but because the conditions inside the

cylinder, with its oil film, simulate an oil absorption plant

for the recovery of light oils from gas. The same thing

occurs when using petrol, but owing to this fuel's low

boiling point, it is rapidly distilled off by the heat of the

base-chamber oil, whereas the temperature of the crank-

case oil is insufficient to boil off paraffin, and progressive

dilution occurs. Paraffin has actually a lower self-ignition

temperature than petrol, and consequently the compres-

sion ratio, and thermal efficiency, must be reduced when

using it ; further, the fuel is not homogeneous, and under

heavy load the lighter fractions first ignite, and raise then

the compression pressure and temperature, thus causing

detonation of the remaining fuel with disastrous effect on

efficiency.

An endeavour has been made in the foregoing to give

an analytical explanation and description of carburation

root principles and systems, without any attempt at

comparison or appraisement of the various proprietary

carburetters in which these fundamental principles are

incorporated either in wliole, in part, or as combinations.
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Due to the limitation of space ,it has been necessary

to give the theoretical considerations as set forth, " on

authority," and without the experimental data on which

the conclusions are founded. Yet it may be accepted

that no theories are here advanced that have not been

exiDerimentally proved. In general, when considering the

divers principles used with different types of modern
carburetters, the high average performance of these devices

as instruments of precision is altogether remarkable. The

best of them, as to their performance, are definitely limited

by purely engine factors ; and it is not, it is thought,

until the progress of design has enabled engine com-

promises to be eliminated that any further marked pro-

gress in carburation can be looked for.



CHAPTER IV

REPRESENTATIVE CARBURETTERS

The following carburetters have been selected for illus-

tration and description, not necessarily because they are

better than others not described, but as examples of the

methods of carrying the root principles into practice.

In order to avoid repetition, theoretical considerations

in the description of each proprietary article are made as

brief as possible, but the principles used in each are stated

so that reference back is facilitated.

The "S'.f."

This is a device which acts on the principle of the float-

ing vacuum valve, with a jet needle operated by the

valve. It is designed so that the valve may be lifted by

the static suction existing in the mixing chamber A, and

this, unlike the type of vacuum valve that is lifted by the

velocity of air passing it, need cause no oljstruetion to the

air flow at full speed and hmd. When throttling, howe\er,

the lower depression, then at A, allows the piston B to

protrude into the choke, and push the metering needle

farther into the jet, so as to reduce the elTectivc area of

the annulus through which the fuel is emitted. At the

same time as this direct metering on the petrol is taking

place, the area of the choke is decreased ))y the piston

protrusion, and thus, despite the low velocity in the

mixing chamlDer A, there will be a high velocity through

the choke to promote atomization.

It will be seen that this action of the piston causes no

yolumetric loss, because at the highest aix- speeds it is

89
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entirely withdrawn from the choke, and when throttled,

the throttle is itself the limiting factor.

The White & Poppe

The principle of a direct measurement on the petrol,

combined with the variable choke effect of a barrel throttle,

are in this carburetter used to effect the proportionment

of fuel to air. Further, a rotating sleeA^e A, between the

Fig. 33.—The S.U. Carburetter.

barrel throttle B and its housing, is adapted to alter the
effective area opened by the entering and exit edges of

the barrel throttle. This feature is useful for adjustment
of the depression in the interior of the barrel throttle, as,

for instance, if the entry side is partially obstructed by
the revolving sleeve A, greater suction on the jet is caused,
while if the entry side is left free, and the exit side
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obstructed, less suction will exist. Tiie effect of this
adjustment is probably much greater at small throttle
opening than at larger openings.
A sleeve fixed to the throttle, and rotating with it, hasm Its crown an eccentrically-placed hole G, which at full

throttle registers with the jet orifice D, but at throttled
positions more or less masks it, and thus directly measures
the petrol.

FiQ. 34.—The Wliite cc Poppe Carburetter.

The Sempfoij Motor Cycle Carburetter

We have here a combination of the principles of correc-

tion— by the use of a small bore air tube which, because

of air friction, reaches a critical velocity sooner in the

engine range than the surrounding air passage—with that

of the variable choke effect of the barrel throttle.

With reference to the accompanying sketch, the small

bore spraying tube A, which causes the correction by air

friction, surrounds the jet orifice B, and draws the petrol

from it by dynamic suction. Surrounding this tube is

the larger one forming the air intake C, in which the re-

tarding effect of friction on the air flow will take place at
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a much higher air si)ced than in tube A. Surrounding the

exit of tube A is the entry side of a barrel throttle D
;

this at small throttle openings joartially masks the air

intake, and, Ijy coneentrating the air flow through and

around tube A, exercises a variable choke effect. Sur-

rounding the throttle is a movable sleeve E, the purpose

of wJiich is to close the slot F in the barrel throttle, so as

to give a rich mixture for starting up, and at full throttle,

to cure any o\'er-correction j^resent by acting as a substi-

FiG. 3y.—The Senspray Carburetter.

tute for the entry edge of the barrel throttle, which is

then out of action, and forming in its stead a variable

choke. It will be seen that this carburetter is not fully

automatic, but is nearly so.

The Claudel-IIohson.

Differential air flow dynamic correction is the principle

here employed, in conjunction with a variable choke
obtained by use of a barrel throttle. The ejector tube A,

surrounding the jet B, is open to the atmosphere at C,

and its exit is formed by the trunnion of the barrel
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throttle, which is bored hollow for that purpose. With
the engine running at nearly elosed throttle, air will be

passing through the hole C into the interior of the barrel

throttle, thus causing a fuel emission from the jet by the

ejector action of this air flow. At this time the air intake

R is shielded by the entering edge of the l^arrcl throttle

E, and therefore the pressure in the intake will )3e higher

Fio. :)().—The Claudol-Hobson Carburetter.

than in the interior of the throttle. Consequently air

will flow down the diflcrential air passage F, to supple-

ment the air supplied to the ejector tube by the air hole

C. As the throttle is more widely opened, the pressure

difference between the air intake and the exit of the

ejector tube will decrease, and consequentl>' less air will

flow through the differential tube, until at full throttle

and high speeds tJie flow through this tube will either
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cease altogether or may even reverse in direction ; in

which case it will flow from C to R, instead of from R to A
as formerly. The extent of this air flow differentiation

depends on the relative areas of the jjassages, and the

Fig, 37.—The Smith Uni-Jet Carburetter.

point of location of the juncture of the differential air

passage with the air intake.

A small butterfly shutter is provided for obtaining an

additional suction on the jet when starting from cold, its

action being similar to the strangling devices incorporated,

more especially in American carljuretters.
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The Smith Uni-Jet

This carburetter conforms to the principle of correction

by difluser air. used in conjunction with a submerged
jet in a well, the exit from which is at the liottom ; com-

bined with this physical corrective means is a mechanical

control of the dilfuser air by interconnexion of a cock

controlling the air entrance to the well with the throttle.

In the accompanying sketch E is the submerged jet

supplying petrol to the well F. Diffuser air enters the

top of the well through passage J, the amount being con-

trolled by the ports in the plug cock K, operated l^y the

throttle spindle. The nozzle G is made eonsideral^ly larger

than the jet E, and, therefore, when the engine is started,

the well F is rapidly emptied, because the jet E is relieved

from the engine suction by the air passing through pas-

sage J. When this stage is reached, air will pass along

tube F, and mingle with the petrol from the jet E, and

the diffuser G will now supply an emulsion of petrol and

air. If, now, the engine speed is quickened up, practically

speaking no further petrol would be delivered, because

the only force causing it to flow is the difference of gravity

head between the le^'cl of the fuel in the float chamber

and that at the nozzle of E : therefore it has been arranged

that progressively as the throttle is farther opened, the

supply of diffuser air to the well is decreased by the action

of plug cock K, until at full tlirottle the air port is com-

pletely closed; the flow from diffuser (i will then he of

petrol onh% without air admixture.

The Zenith

This carburetter utilizes diffuser air so as to allow one

jet to be fed by graA'ity only, but acting in conjunction

with it is an ordinary uncorrected jet. The mixture pro-

portionment is thus obtained by a partial use of the

diffuser air principle. The compensating jet I supplies

petrol to the well, and tlirough a passage to tlie diffuser
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nozzle H. Because the compensating jet is to a large

measure relieved from engine suction, through the relief

afforded by an air supply to the well through the port, the

well is emptied quite early in the speed range ; thereafter

an emvdsion of air and petrol will floAv from the annular

nozzle H. Jet G will now begin to function, and will

continue to give an increasing amoiuit of fuel as the air

speed through the choke rises—that is, an amount of fuel

which increases at a faster rate than does the air flow.

The fuel from this jet is supplied without air admixture,

Fio. 38.—The Zcnitli Carburetter.

and the atomization is achieved by using a relatively high

choke velocity, in conjunction with the disintegrating

effect of the emulsion stream from nozzle H, and the

shattering of the stream bj' impact on the butterfly throttle.

As usually set, the compensating jet supplies 90 per cent.

of the fuel at small throttle openings, and only about 10

per cent, at full throttle ; the difi'ercnce being made up

by the supply from the jet G.

By suitable variations in the sizes of the main and

compensating jets, and, or, alterations to the size of the

air port, and the choke tulae, a very wide range of

adjustment is available. The engine would have to be
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of abnormal design if this carburetter cannot be adjusted

to run reasonably well with it.

The Claudel-IIohson Diffusei' Carburetter

The Z type carburetter made bj^ this firm is an example

of the most logical, and complete, use of the corrective

measurement and atomizing properties of diffuser air.

Fig. 39.—The Claudel-Hobson Diffuser Carburetter.

As may be seen from the diagram, the principle employed

is really far from complex.

The normal petrol level is at the dotted line A. At

slow running the fuel is supplied from the well, via hole

B in the slow-running tube C, past the measuring bore

D, through the small spraying holes, and into the interior

of the barrel throttle. At the same time the level in the

well will fall below air holes E and the first emulsion hole

H, because the suction on the main jet F is partially

relieved by the dilTuscr air supplied through G. As the

throttle is more widely opened, the depression m the

7
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choke will increase relatively to that existing in the interior

of the throttle, and the main diffuser will begin to supply

an emulsion of fuel and air through holes I.

As the demand increases, the level in the well falls until

the feed hole B to the slow-running tube is tmcovered, at

which time it practically goes out of action. Further

demands cause the level in the well to be lower, and this

permits of a progressive increase also of the diffuser air

supplied through the holes H, pro rata with the fuel supply.

It should be noted that this increase of diffuser air

without impoverishment of the mixture is only possible

because, as the level in the well falls, a gravity head equal

to the distance between the level in the well and that of

the fuel in the float chamber is superimposed on the

suction head on the jet F. Reference to the level lines

hi, h2, h3, will make this point clear.

From the foregoing it can be seen that this carburetter

gives over the whole range a supply of emulsified fuel, and

none of the fuel is supplied without the admixture of

diffuser air. The choke velocity maj% therefore, be low,

and this factor, combined with the straight through and

tapered main mixture passage, makes for volumetric

efficiency. By alterations to the size of the air holes

and main jet F, combined with differences of location in

the holes H, possibilities of extremely wide variation in

the types of throttle and power curves obtainable are

given ; while the high degree of atomization inherent in

the system employed makes for economy through the

attainment of good distribution.

The IloUey

This American carburetter utilizes both the principle of

diffuser air and air friction in a small bore tube, for mix-

ture proportionmcnt and atomization. Unless very care-

fully designed the use of two distinct corrective measures

in series is likely to lead to over-correction ; in other

words, mixture impoverishment at high speeds.

In the sectional drawing, A is the main jet, whose effec-



REPRESENTATIVE CARBURETTERS 99

tive area is controlled by the needle valve B. The fuel is

supplied via the small venturi tube C, into the main choke

D. The depression in the choke is greater than that at

Fio. 40.—The HoUey Carburetter.

the air orihce E, and, therefore, air will be drawn through

E and will mingle with the fuel in C, and assist atomiza-

tion, as well as exercise a corrective influence on the flow

from the main jet. Undoubtedly at a comparatively
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early stage in the speed range the limiting velocity will

be reached of the annulus formed by the needle B in the

tube C. Thereafter it is possible that the further supply

of fuel required will be drawn through holes E, instead

of as previously wholly through the tube C.

The needle valve in the jet is probably a convenient

means of adjusting the carburetter, but it is found by

EngHsh experience to be more generally useful to change

FiQ . 4].—The Master Primer.

the jet for adjustment purposes other than on the test

bench ; so that a definite step is assured, and the possi-

bility of an easy return to a previously good setting is

certain, and is not lost, as may well happen with any form

of needle valve control.

The Master Electrical Primer

This aid to easy starting is becoming increasingly popular

in America, and is found efficacious in securing a start from
cold, especially with a car fitted with electrical self starter.
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The drawing shows that electrical contact is only made
when the device is in operation, and there is little, if any,

danger of this device causing the battery to be run down.

Fia. 42.—The Jenkin Quick Starter.

The Jenkin Quick Starter and Extra Air Valve

This device differs functionally from the Master, inas-

much as the fuel is vaporized in the presence of an air

current, instead of being merely boiled off. This feature
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should make for electrical economy, because complete

vaporization of fuel can be obtained with a lower tem-

perature, in the presence of an air current, than when

ordinary boiling is used. It has also incorporated an

extra air valve, which will prove useful as an air brake

when coasting downhill. The resistance coil is insulated

at D on the sectional sketch, and is earthed at C. Petrol

is allowed to trickle down this heating coil from the union

C ; and at the same time air is drawn through the air

ports, and combined with petrol, to form an explosive

mixture for direct supply to the induction pipe.



CHAPTER V

ENGINE COOLING

So intense is the heat generated in the internal com-
bustion motor at each power stroke that the metals used
in the construction of the engine could not withstand
working conditions unless a considerable portion of that

heat was quickly removed. The difficult j^ is first apparent

in the lubricating oil, which, being a hydrocarbon, is ignit-

able, and with the burning away of the lubricant the piston

will seize in the cylinder. There is the unequal expansion of

the over-heated piston and cylinder to consider in this con-

nexion, and, further, it should be borne in mind that where

different metals are used, as, for example, an aluminium

jacket to a steel cylinder, other complications may arise due

to unequal expansion at very high temperatures.

On the other hand, it must be rememljcrcd that the

internal combustion engine is a heat engine, and that

when working at low temperatures as at starting, or when
over-cooled in very cold weather, it is functioning under

thoroughly bad conditions. The cold cylinder walls absorb

the heat too rapidly, and the expansion of the gases exerts

less driving force, since it is robbed of its heat. More fuel

is required in order to make up for the heat losses, and

this extra fuel is burnt, not to produce power, but to

maintain temperature. Again, the burning of extra fuel

leads to troubles arising from imperfect combustion.

The practical problem in engine cooling is thus to main-

tain, not the lowest, but the highest, working temperature

compatible with effective lubrication and smooth function-

ing. The high temperature favours rapid and complete

combustion and good power production, whereas low

103
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temperature means heavy fuel consumption, sluggish and

imperfect combustion, carbon-formation, and the passing

into the exhaust of incompletely burned gases. On the

whole, however, we are concerned more with over-heating

than with over-cooling, and in the early air-cooled engines

almost the whole trouble arose from over-heating. It is

A'ery difficult to run an air-cooled engine as a stationary

motor, for stationary air is an indifferent absorber of heat.

At slow speeds the primitive engine was also subject to

over-heating, for the same reason that the mass of air

l^rought into contact with it in a given time was
insufficient to take up the surplus heat.

In rapid motion even the crudest engine can cool itself,

and the main difficulty in air-cooling is to provide an

adequate current of air around the motor when the car is

standing still, or running at low speed. Once we admit

that a forced current of air is requisite, we are confronted

with mechanical considerations as to how this current is

to be provided. Save in the case of the small and fully

exposed engine of the motor bicycle, a fan will be desirable
;

and cowling, vanes, and other devices will also be required

if a continuous and concentrated current of cool air is to be

swept round the cylinders.

There is no reason why engines of considerable power
may not be effectively air-cooled, and experience with the

Franklin car in America has done much to revise the

general verdict as to the merits of the air-eooled car. But
the opinion may be hazarded that the high-power air-

cooled car in this country would be a very different pro-

position, owing to what we may term the extra fan work
entailed by our traffic conditions. In London or any
other large city or over the undulating routes so common
in this country, Avhere frequent spells of slow running of

the car would be required, a big call would be made on the

fan, and failure of this would put the car out of action

very soon. Radial engines of the stationary type and
small V engines offer good prospects for air-cooling, as all

the cylinders are exposed to the direct air current ; and
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by allowing the cylinder-head to protrude from the bonnet
we get some of that natural cooling which prevails on the

motor cycle engine.

A point not generally touched upon in this connexion
is that we are using heavier fuels than in the olden days,

and the higher carbon content gives such fuels a bigger

calorific value. It is quite probable that on this account

cylinder temperature is rather higher than when lighter

fuels were in vogue. This circumstance would render air-

cooling more difficult.

No matter how we consider air-cooling, wc are driven to

the conclusion that for the nrodern high-speed and average

engines water-cooling cannot be dispensed with. Ad-

mittedl}^ a water circulation system entails extra cost

and complication, but it no longer has the defects which

made the early arrangements so much open to criticism.

The merits of the two j^revailing systems of water-

cooling—the thermo-syphon and the pump— are largely

a matter of cost and engine power. In the so-called

thermo-syphon system advantage is taken of the property

possessed by heated water to expand and rise in relation

to cooler water in the same vessel. In the car wc start

with a reservoir of cold water in the upper part of the

radiator and mounted above the level of the cylinder-

head. The fluid falls by gravity to the cylinder jackets

and to the bottom reservoir of the radiator, which is below

the level of the engine outlet. When the motor is working

it imparts its heat to the water in the jackets, and this

heated water rises to the upper part of the radiator, and

then trickles down through thin cooling tubes to the lower

vessel, from which the cold water is passing to the cylinder

jackets.

The efficiency of this system depends on several factors,

mainly the rapidity with which the circulation is made,

which in turn depends on the rapidity with which the

water in the radiator tubes is cooled, and the speed at

which the liquid can pass through the various tubes in the

circulatory system. If the water in the radiator or cooling
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chamber is only slowly reduced in temperature, the engine

heating will gain rapidly as the radiator cools, and in time

the whole volume of water will become verj'- hot, and

boiling and steaming will result with, consequently, rapid

evaporation of water. If the piping in the system is too

small, or is arranged with acute bends, or if the head of

water above the cylinder level is not ample, sluggish circu-

lation and the risk of over-heating will occur. A fan is

usually fitted be-

hind the radiator

so as to induce a

powerful current

of air through it

at those periods

when the speed of

the ear is not

sufficient to pro-

duce the requisite

draught. Over-

heating is usually

to be feared when
driving in thick

traffic or when
climbing long hills,

and, in the latter

case, the engine

may be running at

high speed whilst

the car itself is moving at a slow pace. The function of

the fan is to regulate the cooling in relation to engine

speed. More correctly it sho\ild act in relation to engine

temperature, a practice which has recently been applied

to one or two new ears.

The actual cooling of the water is performed by the

radiator, the principle of which is to spread the water over

a large area of metal, air currents being brought in contact

with the outer surface of the metallic containers of the

heated water. Tubular and honevcomb radiators are the

Firs 43 —A popular type of rooline; fan em-

ploying a large number of blades.
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chief types. In the former, vertical tubes connect the

upper and lower water reservoirs and air circulates around

the tubes. Extra radiating surface can be provided by
mounting gills of metal on the tubes. In the honeycomb,

radiator tubes are mounted horizontally, and they are

built up so that very narrow water spaces are formed

between the adjacent tubes. Air passes through the tubes

themselves, whilst

the water lies in the

interspaces. By
this arrangement

the water is spread

out into very thin

layers, and the air

space is relatively

large. The cooling

is thus very effec-

tive, but the forn\

of construction is

necessarily rather

delicate and costly
;

subject as the radi-

ator is to considcr-

alsle vibration and

to occasional
knocks, it has been

found desirable to

insulate the honey-

comb radiator to some extent from vibration, and also to

reduce its fragility by more careful design and more robust

construction.

The water pump is made in various forms. Generally

it is of the vane type, M'orking in a circular casing. It

takes the water from the lower reservoir of the radiator

and pumps it to the cylinder jackets. A pump can be

employed with the thermo-syphon system also, its function

in this ease being that of an accelerator, and it can

be driven from the fan spindle. In this system if the

Fig. 44.—Adjustment of a cooling fan i,s nsually

efiected by mounting it on a .swivelling

arm. In some cases, however, an eccentric

bush is employed.
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pump fails the natural thermic circulation is in no way

impeded.

In order to provide a more accurate control of engine

temperature by regulating the action of the cooling devices

several ingenious arrangements have been adopted. The

simplest is a shutter over part of the radiator which can b^
.

adjusted by the driver if extremes of weather conditions

prompt him to regulate the cooling system. A thermo-

meter or other heat-registering instrument in the radiator

can assist him in this matter.

More advanced in refinement is the thermostatic con-

FiG. 45.—Two types o£ radiator thermometer. The one shown on the

left is fitted to the dashboard, the other replacing the standard

filler-cap.

troller, which will automatically operate either the shutter

or a by-pass which will shut off a portion of the water

current. Ordinarily the thermostat is an expansible

metal vessel containing a gas or liquid which readily con-

tracts when cooled and expands when heated. This change

of volume is communicated to the expansible containing

vessel, and by a system of leverage, comparable to that of

an aneroid barometer, a link motion is used which can be

coupled up with the radiator shutter or water by-pass.

The thermostat is connected with the water circulation

system at a convenient point, and, undoubtedly, for cars

which are intended to be used all over the world under the

most varied conditions, such automatic regulation of the
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to water-cooling, but it

engine temperature is a most desirable feature, although
hitherto much neglected.

It adds another complication
may be pointed out that

temperature control is equally

^desirable for air-cooled engines.

The other drawbacks of water-

cooling are the cost, the risk

of leakage, and the danger of

fractures from frost. Since

water has the property of

expanding when turned into

ice, great pressure is then

exerted by the ice on an en-

closed vessel. As a metal

container radiates its heat

rapidly, the efficient water-

cooling sj'stem has the defect

of its virtue—that is, when
left cold it rapidly exposes the

contained water to the risk

of freezing. So far no satis-

factory method has been

evolved of coping with the

frost trouble in the water

system. One plan is to drain

the water off at night, which

involves trouble, delay in

refilling next morning, and risk

of forgetting to refill the radiator. Various chemicals

may be used to prevent the water freezing. Non-conductor

coverings are also made for placing over the bonnet and

radiator ; or the car can be housed in a heated compart-

ment. There is much scope for imjDrovement here.

Fig. 4G.—A dipper rod fitted to

some radiators for ascertain-

ing the water level.



CHAPTER VI

ENGINE FUEL FEED SYSTEMS

By far the most simple form of fuel feed is the gravity

system. In this all that is necessary is to house the fuel

tank well above the carburetter, so that a constant supply

of petrol is assured (even though the amount of fuel in the

tank is running low) when the car is on an incline, i.e.

either ascending or descending a hill, and also when the tank

itself is tilted laterally, owing to the vehicle travelling over

a sharply cambered road. Given only this one provision

of height above the carburetter, the designer may provide

a tank of any shape agreeable to himself, and house it in

any position. It may be an irregulai-ly shaped tank,

designed to fill up an odd space behind the dashboard or

under the driver's feet, or it may take the form of a

cylinder, either stream-lined or cylindrical, mounted at the

back of the car. The tank itself is neither more nor less

than a simple metal cistern, having a screwed filler-cap,

perforated with a small hole through which air may enter to

take the place of the petrol as it is used, and with an outlet

pipe located at the lowest part of the tank. With irregular-

shaped tanks a certain amount of care and experience is

needed to prevent a reverberatory drumming set up either

by the engine or the speed of the car itself. This can

usually be prevented, either by slinging the tank on metal

straps, with felt or similar packing pieces interposed, or by
the use of strengthening pieces inside the tank itself.

The main disadvantages of the gravity petrol system

include a constantly varying petrol pressure, brought about

by the ever-changing relative fuel levels of tank and car-

buretter ; the fact that the carburetter is generally located

110
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very ]ow on the engine (which interferes with its general
accessibility)

; a considerable length of feed pipe, if the tank
be housed very far from the engine ; and the difficulty of

shutting off the petrol in case of fire without delay if the
petrol cock be fitted close to the tank. This last drawback
can, of course, be overcome by fitting the petrol cock at

a point in the length of tubing more convenient to the

driver, yet this is comparatively an mrusual practice. A
further disadvantage of gravity feed is the possibility of

the air aperture in the filler -cap being blocked by dirt,

thus interfering with the fuel supply. At the same time
the gravity feed system has strong attractions from the

commercial point of view, cheapness and simplicity being

greatly in its favour. The modern light car especially,

with its stream-lined exterior, affords ample space behind

the dashboard to carry a five- or six-gallon tank, which, if

it be oval or cylindrical in shape, would provide a fall of

some 12 to 15 in. without the necessity of mounting the car-

buretter particularly low down. Certainly, so far as the

moderate-priced light cars of 1921 are concerned, the great

majority are fitted with the gravity feed fuel system. A
desirable fitting is a petrol gauge, in the form of a float-

actuated device indicating the petrol level on a rod-gauge

which takes the place of the ordinary filler-cap, or, in the

alternative, of a glass tube set in a metal frame on the out-

side of the tank, with either the tube itself or the metal

frame marked off in gallon and half-gallon divisions.

Where this latter type of petrol gauge is fitted, a shut-off

cock should be provided to guard against breakage of the

glass tube.

The pressure feed system was designed to overcome the

difficulties experienced with gravity feed. Provided the

whole design be sound and the system be maintained in

good working order, the more obvious troubles are avoided

,

but, as is not uncommon in such matters, even in the

newer system troubles were not altogether avoidable. In

pressure feed the tank may be housed in any convenient

position on the chassis, irrespective of its height or distance



112 MODERN MOTOR CAR PRACTICE

from the carburetter. As a general rule it is located at the

extreme rear end of the main frame, and is held in position

either by metal straps or suspended by brackets. Within

reasonable limits any size of tank may be employed, and

some of the later cars in 1920 had tanks of twenty gallons

capacity. As the title of pressure feed suggests, the petrol

is fed to the carburetter by air pressure. The lay-out is

simple in essentials. An air-tight tank is connected to a

simple air pump, generally operated from the engine, which

maintains a constant pressure inside the tank itself, thus

forcing the petrol through a lower pipe line to the car-

buretter, suitable filters and shut-off cocks being provided

where necessary for convenience. In practice a hand

pump, placed conveniently for the driver either on the

dashboard or at the side of his seat, is provided to supply

the initial air pressure in the tank when first starting up

the engine. When the pressure gauge shows about 2 lb.

the hand pump is cut out by a cock ani, after the engine

has started, the mechanical pump takes up the work of

maintaining the pressure. A relief valve is used in the

system to prevent excessive pressure in the tank. A fuel

supply gauge is generally provided, either on the top of the

tank, which is considered the best position, or on the dash-

board, to show the quantity of fuel in the tank at any

time.

The greatest disadvantages attaching to the pressure

feed fuel system arc the length of piping involved, which

may leak or become blocked, the number of taps and unions

needed, the possibility of pump failure, and the chance of

fuel loss owing to the air pressure forcing the petrol past the

needle valve in the carburetter at a rate in excess of the

supply which the engine demands. Air leakage in the

system is, as a rule, extremely difficult to cope with, some

skill being needed to remedy this fault, although, in an

emergency, there are several methods by means of which

the pressure can be maintained, either for starting or

running purposes. Some years ago exhaust pressure was

generally used to maintain air in the tank, but this system
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has in recent times been replaced by the more positive

engine-driven air pump.
A sj^stem first in common use in America, and which

now bids fair to displace all others, is known as the vacmmi
feed. In this there is an attempt to combine the virtues

of both the gravity and the pressure princii^les, an attempt

A^x

Pjc. 47. Xhe general lay out of a vacuum feed fuel system.

that is to a large extent successful. In addition to this

benefit vacuum feed has advantages peculiar to itself, but,

of course, there are also objections to its use. As with

pressure feed, the main fuel tank is generally housed at the

back of the chassis, the vacuum auxiliary tank being

located under the bonnet. A favourite position for the

vacuum tank is on the bonnet side of the dash, from which

tank the carburetter directly draws its supply.

8
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In its simplest form the operation of the vacuum feed

system is as follows. The auxiliary tank consists of two

chambers, one above the other, and connected by a valve.

The first chamber is in line with the intake manifold of the

engine, and the engine pistons create a vacuum in the tank

itself. This suctional effort closes the valve between the

two containers and draws petrol from the main tank at the

rear into the upper chamber until a sufficient level is

reached to operate a float which, on coming into action,

opens an air valve, thus releasing the vacuum. The
increase in air pressure within the upper container opens

the valve between the compartments in the auxiliary

tank, allowing the petrol drawn from the main tank by
suction to flow into the lower container and thence by
gravity to the carburetter, the cycle continuing while the

engine is running. The following detailed explanation of

the functioning of the vacuum system, considered in rela-

tion to the illustration reproduced in Fig. 48, affords a clear

idea of the process.

The special advantages of the vacuum system are that

the ordinary air pressure principle is abolished, so that the

risk of leakage is much reduced, whfle petrol cannot be
forced through the carlDuretter needle valve. In action

the only difficulties experienced are penetration in the

system of dirt which either blocks the supply lines or pre-

vents the valves from seating. The float in the small tank
may, of course, become punctured, while the intake mani-
fold on the engine may develop an air leak, in which case

the necessary vacuum would not be created. These last,

however, arc mechanical troubles that can hardly be
avoided in exceptional cases, and probably are only
experienced in one case amongst thousands.

A is the suction valve for opening and closing the
connexion to the inlet manifold, and through which a
vacuum is extended from the manifold to the upper
chamber.

B is the atmospheric valve, which permits or prevents
an atmospheric pressure condition in the upper chamber.
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When the suction valve A is open, and the piston suetion

is drawing petrol from the main reservoir, the atmospheric

valve B is closed. When
the suetion valve A is

closed, then the atmo-

spheric valve B must be

open, as an atmospheric

condition is necessary in

the upper tank in order to

allow the fuel to flow

through the flap valve H
into the lower chamber.

C is the pipe connecting

the tank to the intake

manifold of the engine.

D is the pipe connect-

ing the vacuum tank to

the main petrol supply

tank.

E is the lever to which

two coil springs S are

attached. This lever is

operated by the movement
of the float G.

F is a short lever,

operated by the lever E,

and operating the valves

A and B.

G is the float.

H is the flap valve in

the outlet T. This flap

valve is held closed by

the action of the suction

whenever the valve A

Frc!. 48.—A diagrammatic view of a

vacumn feed unit showing the

arrangement of tlie valves and

float. As shown, the petrol is

flowing from the vacuum tank

to the supply.

is open, but it opens wlien the float valve has closed

the vacuum valve A and opened the atmospheric

valve B.

J is a pet cock for drawing water or sediment out of the



116 MODERN MOTOR CAR PRACTICE

reservoir. This may also be used for drawing off petrol

for priming or cleaning purposes.

K is the pipe leading to the carburetter, extended on the

inside of the tank to form a pocket for trapping water and

sediment which may be drawn off through the cock J.

L is a channel space between the inner and outer shells,

connecting with the air vent R, thus admitting an atmo-

spheric condition in the lower chamber at all times, and

thereby permitting an uninterrupted flow of petrol to the

carburetter.

M is the guide for the float.

The effect produced by the air vent, R, is the same as

though the whole tank were elevated, and its use is for the

purpose of preventing an overflow of petrol should the

position of the car ever be such as would raise the petrol

supply tank higher than the vacuum tank. Through this

tube also the lower or reservoir chamber is continually

open to atmospheric pressure, so that the flow of petrol

from the lower chamber to the carburetter is always

constant.

T is the outlet located at the bottom of the float reser-

voir, in which is the flap valve H.

If the auxiliary tank cannot be installed under the bonnet

it may be placed on the driver's side of the dash. The
system can be fitted with great advantage to any make
of gravity -fed car where the fuel supply fails on going up
hill, with only a small supply of petrol in the main tank.

The vacuum system gives a ready and accurate test of the

correctness or otherwise of the carburation at low speeds

on the pilot jet. If the engine speeds up when the tank is

taking in petrol, then the pilot jet is too small and the

mixture weak ; if the engine slows down perceptibly when
taking in petrol, then the mixture is too rich and the pilot

jet is too large. When correct there should be no per-

ceptible alteration in speed. The engine should be warmed
up well before conducting the initial test after fitting the

apparatus.

The following points are important. The top of the
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vacuum tank must be above tlie highest petrol-level in the

main supplj^ reservoir, even when the car is descending steep

grades, and the bottom of the tank must not be less than

3 in. above the carburetter. The tank should not be

fitted over an electric generator, nor above any terminals

on to which petrol could possibly leak, and it must not be

too near the exhaust pipe.
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CHAPTER VII

FUELS

Motor spirit, known in America as gasolene, is mostly

produced from petroleum by fractional distillation in a still.

It can also be produced from coal, peat, and shale by

destructive distillation in retorts. The bulk of the world's

supplies are produced from petroleum.

With regard to the origin of petroleum, there are

three theories, Avhich include the Inorganic Theory, the

Vegetation Theory, and the Marine Animal Theory.

According to the first theory, petroleum is produced

deep down in the crust of the earth, wherein the temper-

ature increases by 1° F. with every 54 feet in depth, by the

combined action of high temperature and pressure on the

minerals found there. The carbon and hydrogen are sup-

posed to have combined to form the so-called hydrocarbons,

which are the chief constituents of petroleum crudes.

According to the vegetation theory, plants and trees, by

lying in the earth hundreds and thousands of years, covered

by a layer of impervious material, have become so altered

from their original nature that they have been transformed

into petroleum crude oil and petroleum gas. A few

geologists favour this theory and consider it quite possible

that some oils have been made in this way.

The marine animal is similar to the vegetation theory.

Millions of dead marine animals, probably tiny shell

animals with chalk shells, are supposed to have been

buried with sand and earth, and during hundreds and thou-

sands of years have been transformed into petroleum oil

and gas. Most geologists feel that probably this is the

manner in which oil has originated, but it is very difficult,

if not impossible, to prove the theory.

118
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Some petroleum crude oils are quite thin and fluid,

while others are verj^ thick or even semi-solid. Large
quantities of hot petroleum gas escape from the wells at
the same time as the petroleum crude oil ; this explains
why a large number of the wells which have been drilled

are " gushers." The gas thus given off can be condensed
mto very light spirit, known as casinghead gasolene, and
is frequently blended with heavier grades.

The world's production of petroleum for 1918 was as
follows :
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oils and greases form another product, and also fuel oils,

which are produced from light crudes by making the

" cut " after taking off the above products, the rest of

the crude being fuel oil. In heavy crudes only a " topping "

process, which takes out the motor spirit and kerosene, is

employed. Paraffin wax and bitumen are also obtained

by further distillation of the residuum.

The normal percentage of motor spirit obtained from

crude oil varies from 5 to 25 per cent, by ordinary distil-

lation, the average being 15 per cent., but the Rittman,

Burton, and other " cracking " processes enable as much
as 50 to 75 per cent, of the crude to be changed into motor

spirit.

Certain physical and chemical tests are employed in the

production of motor spirit and other petroleum products.

These include, in the order given, Specific Gravity, Flash

Point, Viscosity, Setting Point, Colour, and Boiling Point.

These apply to liquid products. For asphalts, the tests

are Penetration, Ductility, and the Melting Point.

The specific gravity is the weight of a given volume of

oil compared with the weight of a given volume of water at

a given temperature. In this country it is taken at 60° F.

Specific gravity is determined in two ways, which depend to

a certain extent on whether the results are to be extremely

accurate, or only approximately so.

The first determination is by hydrometer, which is

simply a weighted tube fitted at its upper end with a

graduated scale. Many kinds of hydrometer are in use,

the simplest being that with which the specific gravity is

read directly on the scale. The principle of the hydrometer
is, that the denser the liquid, the more does a floating body
project from the surface. Hydrometers are made in

series, say from 0-750 to 0800, 0-800 to 0-850, and so on.

Plydrometers cannot be used in very viscous oils.

The second and most accurate method of determination
is by direct weighing of equal volumes of oil and water.

This is usually done by means of a specific-gravity bottle.

The bottle is made of very thin glass, fitted with an
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accurately ground stopper. The neck of the bottle is

narrowed below the stopper and has marks etched on it

to enable the operator to fill the bottle with the same
amount of liquid on each test. The volume used is usually

25, 50, or 100 c.cs. The operation is carried out in the

following manner : The bottle is filled with water at

60° F., and carefully weighed ; it is then emptied,

thoroughly dried, and filled with the oil to be tested, the

oil temperature to be 60° F., and again weighed. The weight

of the oil, divided by the weight of the same volume of

water, gives the specific gravity.

The temperature at which an oil, when slowly heated,

begins to evolve a vapour in such quantity as, on the

application of a flame, to produce a momentary flash due

to the ignition of the vapour, is termed the flash point
;

and the temperature at which, on being further heated, the

oil takes fire on the approach of a flame and continues to

burn, is termed the fire point. There are a number of

instruments used to determine this point, and as they are

all similar in principle a general description of one will

be quite sufficient to give an idea of the whole. The

appliance consists of a metal vessel or oil-cup holding a

fixed quantity of oil, which is placed in a hot-air chamber.

The oil-cup has a closely fitting lid or cover, perforated with

several openings, which can be opened or closed by means

of similar openings on a sliding cover. This sliding cover

can be rotated periodically to uncover the holes and at the

same time cause a small test flame to project on to the

surface of the oil. This method is followed at each degree

rise of temperature until the flash occurs, when the temper-

ature is noted. Some testing appliances of this type are

provided with stirring arrangements to agitate the oil

during the test. The flash point may be taken either by

open or closed test. In the former the oil is uncovered,

and in the latter it is covered, during the experiment.

The temperature recorded is considerably higher in the

open than in the closed test.

The viscosity of oils is a measure of their fluidity at certain
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temperatures. Here is an extremely important test both for

lubricating and also for fuel oils, but it is not so important

for burning oils. There are many instruments used for the

determination of viscosity, and, as in the case of the flash

point apparatus, the principle of them all is, generally

speaking, the same. In this country we use the " Red-

wood " viscometer. The " Engler " is used on the Con-

tinent, and the " Saybolt " in the United States. The
figures given by all these instruments are arbitrary, and

to a certain extent only can they be converted from one to

another, hence for this reason alone it is always necessary,

when reporting the viscosity of an oil, to state the instru-

ment used for the test. The "Redwood" consists of asilvered

copper oil-cylinder 1| inch in diameter, and 3-|- inches

deep, having an agate jet fitted in a slightly conical metal

sheeting. The cylinder is fitted in a copper water-bath

which is provided with a copper heating tube projecting

downwards at an angle of 45° from the side near the bottom,

in addition to a revolving agitator carrying a covered shield

to prevent splashing, and a thermometer to indicate the

temperature of the liquid in the bath. Water or oil may
be used, the decision depending on the temperature at which

the viscositj' is to be taken. The oil-cylinder has a stopper,

which consists of a small brass sphere resting in a cavity

in the agate jet. Inside the cylinder, at a short distance

from the top, is fixed a small bracket, terminating in an

upturned point which acts as gauge of the height to which
the vessel is filled. Great care has to be taken in the

construction of the agate jet to secure uniformity.

The test is carried out thus. The bath is filled with a

suitable liquid before being heated to the required temper-

ature. The oil to be tested is then poured into the oil-

chamber until its level just reaches the point on the gauge,

and brought to a corresponding temperature. A narrow-

necked flask, holding 50 c.cs., is then placed beneath the

jet in a vessel containing a mixture at the same temperature

as the oil. The stopper is raised, and a stop-watch simul-

taneously started, the number of seconds taken by the
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outflow of 50 CCS. being noted. The result gives the
viscosity in seconds on this particular instrument at the
temperature recorded.

The setting point is the temperature at which the oil

solidifies, and is an important test. For example, it would
be quite useless to use a lubricating oil having a setting

point above 32° F. in a refrigerator, or on machinery
exposed to low temperatures. The oil to be tested is

placed in a test tuljc, which is stoppered by a cork through
which a thermometer is inserted. The tube is then
placed in a large vessel, and the whole placed in a freezing

mixture. The oil is examined at each degree of fall in

temperature, the temperature at which it ceases to flow

being the setting point.

The colour of kerosene is determined in Great Britain

by Wilson's chromometer, which consists of two similar

tubes, 16 inches in length and closed at each end by a screw

cap carrying a stout glass disc. Light is reflected upwards
through the tubes by a mirror. One of the tubes is filled

with the oil to be tested, and beneath the other, which is

empty, is placed a disc of stained glass. On looking

through the tubes the colour of the oil can be matched

with the standard glasses, of which there are four standards,

consisting of water white, superfine white, prime white,

and standard white. The colour of lubricating oils is

generally tested in a Lovibond's tintometer.

The boiling point makes a very important test for motor

spirit, as a high-boiling motor spirit would give trouble in

engine starting. On the contrary, spirit with a low boiling

point means considerable loss by evaporation. To carry

out the tests, the oil is placed in a clean, dry distillation

flask, which consists of a round-bottomed flask with a long

neck from which projects a side tube. This flask has

definite dimensions, any deviation from these dimensions

causing a variation in results. The flask is fitted with a

cork through which a thermometer is placed, the latter being

so arranged that the bulb is just opposite the side tube exit.

A water-cooled condenser is attached to the side tube by
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means of a cork, and at the end of this condenser is placed

a graduated vessel to collect the liquid which distils over.

Heat is applied to the flask, and when the first drop of

water falls from the side of the tube into the condenser the

temperature is noted ; this is taken as the initial boiling

point. The heating is continued until the flask is dry. The

vapour condenses in the condenser, and the resultant

liquid is then collected in a graduated vessel. The

temperature at which different quantities are collected is

noted until the distillation is finished.

The penetration test is carried out to ascertain the soft-

ness or hardness of bitumen. It is accomplished by

determining the distance a weighted needle penetrates

into the bitumen. The apparatus used consists of a stan-

dard needle inserted into a short brass rod attached to a

framework. The whole weighs 100 grammes, and it is

connected to a dial which shows the depth to which the

needle penetrates. The needle is held by an adjustable

clamp. To carry out the test the bitumen is placed in

water at 77° F. for a period of at least thirty minutes,

when it is placed under the needle, which is then allowed

to touch the surface of the sample. The clamp is released

for five seconds and the depth to which the needle

penetrates is read on the dial. The indicated figure gives

the penetration of the bitumen.

The ductility test is applied to bitumen as a measure of

its adhesiveness. The apparatus used consists of a trough

containing water which is maintained at a temperature

of 77° F. In this trough is a movable carrier, which can

be moved at any desired speed by turning a handle. Also

on the side of the trough is a centimetre scale, to show
the distance to which the carrier is moved. The bitumen

to be tested is placed in a mould, which consists of two
parts, one being fitted to the end of the trough, and the

other to the movable carrier. The handle is turned at a

fixed rate of 10 cms. per minute, the revolution rate being

maintained with the aid of a metronome. The mould is

then pulled gently and evenly apart until the bitumen
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breaks
; the distance the movable carrier has travelled

IS read from the centimetre scale, and gives the ductility
in centimetres.

The melting point marks an important test for greases
and asphalt. It is really the same as the setting point, but
in place of finding the point at which the material solidifies,

the temperature at which it melts is taken.
Motor spirit when first imported into Great Britain

had a specific gravity of 0-680, but this grade is now chiefly

used for aviation purposes. For ordinary motor uses the
gravity has become heavier, and 0-715 to 0-720 is usual
for private cars, while up to 0-760 is used for commercial
motors and the heavier vehicles.

The Allied specifications for motor spirit during the
war were as follows :

Miiiimum percenta!?e distilled Temperatures in decree Centiffrnde.
at noted temperatures.

5 per cent. Maximum
Minimum
50 per cent. .

90 percent. .

06 per cent. .

End Point .

The explosive range of kerosene is slightly less than the

explosive range of petrol, hence for this reason it is difficult

to use kerosene in petrol engines, as it has a strong tendency

to soot the sparking plugs, so that the engine easily

misfires.

During the petrol shortage in the war period various

brands of so-called petrol substitutes were put on the

market. For the most part these consisted of what is

known technically as " white spirit," which is an inter-

mediate distillate between gasolene and kerosene, obtained

either as the " tailings " of a re-run motor spirit, or from

re-distillation of a kerosene containing a light fraction. Its

specific gravity is about 0-764 to 0-780, with a closed flash

point of 84° F. As the flash point was higher than 73° F.,

the official minimum for paraffin, the fuel escaped for a

time the restriction regarding the use of petrol during the

k'iatioii.
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war. Needless to add, with the temporary ending of the

petrol shortage, the market for these substitutes also ended.

In 1920 the only serious rival fuel to petrol was benzol.

The Automobile Association and Motor Union was the

first motoring organization fully to recognize the value of

good benzol as a motor fuel. Early in 1919 it was found

that much benzol of bad quality was being marketed, to the

detriment of the motoring community, and to the detriment

of benzol as a fuel, hence the Automobile Association

approved a standard specification for benzol, which is as

follows :

(1) Specific gravity 0-870 to 0-880.

(2) Distillation test (by flask)—benzol shall give a

distillate not less than 76 per cent, at 100° C, 90 per cent,

at 120° C, and 100 per cent, at 125° C.

(3) Sulphur—the total sulphur shall not exceed 0-40

per cent.

(4) The benzol shall be entirely free from water.

(5) Colour—water white.

(6) Rectification test—90 c.cs. of the sample shaken with

10 c.cs. of 90 per cent, sulphuric acid for five minutes should

not give more than a light brown colour to the acid layer.

(7) Benzol shall be entirely free from acids, alkalies and

sulphuretted hydrogen.

(8) Benzol shall not freeze at 7° F. (25° of frost).

The specification was accepted by the great majority

of the benzol producers, who to-day form part of the

National Benzol Association, and was also subsequently

fully endorsed by all other motoring organizations.

Benzol is, of course, produced by the destructive dis-

tillation of coal, mainly by coke-oven plants, which were

in 1920 worked by over one hundred firms in Great Britain.

Of the coal carbonized in the production of gas only about
30 per cent, is treated for the recovery of benzol and other

by-products. The total output soon after the Armistice

was about 30 million gallons per annum, but this pro-

duction will, in all probability, be largely increased in

the future.
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P'or at least ten years the claims of alcohol as a motor fuel

have been more or less persistently advocated. It is urged

that potatoes, beet, and other vegetables composed largely

of starch and sugar are capable of being fermented and so

yielding alcohol. Probably the difficulty of finding an

efficient denaturant has retarded work in this direction,

but of late the matter has been receiving careful Govern-

ment attention, so that eventually alcohol may be another

formidable rival to petroleum spirit.

From experiments the heat value of alcohol appears to

lie between 13,310 and 11,664 B.Th.U. per pound, the

latter value being the one most generally accepted. This

compares with 20,300 B.Th.U. for petrol. One gallon

of pure alcohol (specific gravity 0-79, at 59° F.) has a

corresponding heat value of 77,274 B.Th.U. One pound of

100 per cent, alcohol requires, theoretically, nine pounds of

air, or 111 '5 cubic feet at 62° F., for complete combustion.

Care mvist be taken to see that the right quantity of air is

given, because if an engine be run on an over-rich mixture

acetic acid, which causes corrosion of the engine parts,

is produced.

When alcohol is mixed with 25 per cent, its bulk of

benzol, the alcohol being of a specific gravity of 0-833, an

engine can be started up when cold and run with an ordinary

carburetter. Benzol is often employed as a denaturizing

substance, especially in Germany, but it is stated that it is

impossible to separate benzol or benzene from the alcohol,

so as to obtain pure and dutiable spirit. In just the same

way it is quite impossible to separate wood spirit or methyl

alcohol from the pure spirit by redistilling, as, although

the wood spirit boils at a lower temperature, they distil

over together.

In England it is the custom to add one-third of 1 per

cent, of mineral naphtha to the alcohol as a further precau-

tion. A mixture of a pure 100 per cent, alcohol, with 9-12

per cent, of 90 per cent, benzol gives the best results in

practice. The calorific value of alcohol is a little more

than half the calorific value of petrol by weight, Init, taking
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volume into consideration, the difference is not so much,

because alcohol is the heavier fuel.

The fuel consumption of internal combustion engines

using alcohol is from 370 to 380 grammes, or about 13 to

13"5 ozs. per effective horse-power ; and when using

alcohol of a calorific value of 6,000 calories there is obtained

a thermal efficiency of some 22 per cent. At one time

alcohol was in commercial use in Berlin for automobile

work, but by reason of its high price, compared with that

of petrol, its use was discontinued ; in Paris it has been

used successfully with an equal proportion of petrol.

In internal combustion engines using alcohol, the explo-

sive mixture can be compressed to a much higher degree

than a mixture of petrol vapour and air before self-

ignition takes place. In practice the compression is

carried to 10 or 14 atmospheres, this high figure being made
possible by the water which is present in the alcohol used.

For many years past attempts have been made to use for

motor purposes the fraction of petroleum having a specific

gravity of about 0'8 which is usually employed as lighting

oil, and many patents have been taken out for making
motor spirits composed with such oil mixed with sufficient

petrol to give the necessary volatility to start the engine. A
study of these patents reveals the fact that in most cases

the patentee used a mixture of about 40 per cent, of petrol,

with kerosene of a specific gravity of 0'8, and depends for

the novelty of his invention upon the introduction of

various substances intended to aid the pro rata evaporation

of the heavier portions of the mixture. With several

forms of carburetter on the market such a mixture gives

excellent results when used under uniform conditions, but

it lacks the elasticity necessary for congested traffic, where
constant slowing down, stopping, and restarting are re-

quisite, and is apt to give rise to starting troubles in cold

or variable climatic conditions. These objections have
been met by providing a small supplementary feed-tank

containing petrol, which is used for starting the engine and
keeping it running until the system is warm, when the
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main tank, containing the mixture, or even ordinary
lighting oil of a specific gravity of 8, can be connected,

and the running continued satisfactorily, until the need
for stopping occurs, after which the petrol is again turned
on to give the necessary starting power. By the adoption
of such methods the requirements of the public motor
vehicle and trade wagon can be met, with a saving of

20 to 40 per cent, in the consiunption of petrol.

Oxygenated paraffin is an introduction from an American
source. This treatment consists in treating paraffin with

peroxide of hydrogen (hydrogen-dioxide or oxygenated

water) to improve the flash point and combine more
perfect combustion with a reduced smell. If used with a

lubricant added, it is stated that the fuel tends to eliminate

smoke and carbon deposit. It is stated that a test with a

gallon of peroxidized paraffin, in a 40 h.p. touring-type

car, weighing about 40 cwts., drove the vehicle 12'7 miles

in 24 minutes on top gear ; the silencer was not removed,

and the exhaust was smokeless and without odour. It is

also stated that cars have been run 1,500 miles on per-

oxidized lubricant (the fuel used is not stated) without a

trace of sooty deposit.

During the war considerable use was made of coal gas

as a motor fuel, especially by commercial vehicles. At

least 80 per cent, of these used flexible containers or

gas-bags, the remainder using cylinders of steel or other

material holding the gas under pressure. The Glasgow

Corporation fitted steel gas-holders or cylinders (which

had been discarded as gas-containers for lighting railway

carriages) to a motor van. Each of the cylinders was

tested up to 250 lbs. pressure per square inch, and the

full battery of containers held 400 cubic feet of gas at a

pressure of 200 lbs. per square inch. This supply carried

the vehicle 13-72 miles at a cost of 0-832d. per vehicle-mile.

A similar equipment was tried by the Eastbourne Corpor-

ation for motor buses.

A rubber and fabric container weighed 40 lbs., and could

resist internal pressure of 1,600 lbs. per square inch. At

9
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1,000 lbs. pressure, this device held 600 cubic feet of

gas, which equalled about two gallons of petrol. As to

cost of compressing, it was stated that a vehicle requiring

the equivalent of eight gallons of petrol would require

30 h.p. for 12 hours to compress the requisite gas into

containers at 1,500 lbs. pressure, hence the cost of compres-

sion roughly doubled the price of the gas. The use of

coal gas was only a war-time expedient, albeit a valuable

one under the circumstances, and with the conclusion of

peace it practically disappeared.



CHAPTER VIII

PRODUCER GAS

For several years past engineers have regarded with mis-

giving the steady advance in the price of hquid fuel, and
the continuous inflation of oil sliare prices ; the com-
bination of great oil trading organizations gives little

hope of any reduction, even if the output is increased

sufficiently to iDalance the demand.
One thing, however, seems certain, and it is that at the

present time the production of internal comlmstion
engines using liquid fuel is rapidly outpacing the supply

of fuel necessary to run them. The figures for the United

States of America show that for the month of April 1919

the output of thirty-two factories reached a total of 7,084

vehicles daily, which, allowing 300 working days, is equal

to 2,125,000 vehicles per year. Disregarding the vehicles

already running, and assuming a consumption of only 200

gallons of petrol per vehicle per animm, this new output

alone will require over 400,000,000 gallons increase in the

fuel supply to keep it running.

If the motor vehicle industry is to develop as it should,

cheaper fuel is essential. Quite apart from the question

of cost it is very inadvisable that such a vast industry

should depend on what is practically a single source for its

fuel supply and on a fuel which has to be largely imported

from countries taking little from Great Britain in return

;

a fuel also which has to suffer from so much juggling

in handling, as witness the great difference jjctwccn the

present prices in America and in Europe. With vehicles

using petrol, the fuel costs can, apart from a lower price,

only be reduced by a greater economy in its use. This

131
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does not appear very probable, as the internal combustion

engine seems to have reached the limit of its economy for

commercial work, and further savings can only be looked

for in the direction of reducing the vehicle weight in pro-

portion to the load carried.

A widening of the field of suitable fuels must be all to

the good of both the vehicle user and the manufacturer

;

it must have a steadying effect on prices, and largely in-

crease the use of mechanically propelled vehicles in places

where liquid fuels are not readily available. A greater

part, if not all, of the vast sums now being spent abroad

for petrol could be saved to Great Britain if solid fuels

were used on all heavy vehicles, as the home production

of liquid fuel might then be sufficient to supply the lighter

vehicles. It costs the United States practically nothing

at all for fuel to run all the vehicles in the country. Even
the comparatively small labour cost of refining and

handling the oil must be more than covered by the in-

creased price, excluding freight, at which the fuel is sold

in Europe ; Great Britain is, therefore, handicapped by
having to pay the fuel bill of the United States as well

as her own. A serious and extended labour dispute in

the United States might gravely affect the liquid fuel

supply here, and as motor transport will very shortly

be a greater asset to this country than its railways, all

possible steps should be taken to secure a safe supply

for it.

Solid fuels present the only method whereby the high

cost of hquid fuel can be countered and the general

position made less unsatisfactory. These can be used

without destroying any material from which liquid fuel

might be extracted. For instance, coke, charcoal, and
dried peat represent the residue left after the liquid fuels

have been extracted, so the utmost value is got out of

the material used in providing fuel for both light and heavy
motor vehicles. In the case of anthracite, there are prac-

tically no volatile constituents, so this fuel, if used directly,

entails no loss to the liquid fuel supply.
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The best known example is the distillation of coal in the

process of making coal gas. One ton of coal would
propel a 5-ton steam wagon about 160 miles, the fuel

then being completely destroyed. If subjected to dis-

tillation, the 1 ton of coal would give 13,000 cub. ft. of

coal gas, and taking 250 cub. ft. of this gas as equal to

one gallon of petrol, this would propel a 5-ton internal

combustion vehicle 312 miles. But after allowing for the

fuel used for the retort, about 10 cwts. of coke would still

remain, and at 3 lbs. of coke per mile a 5-ton producer

gas vehicle would run a further 373 miles on this, or a

total of 685 road-miles, as against 160 miles on 1 ton of

coal burned directly. In addition to this, a large quan-

tity of very valuable by-products would remain. The
utilization of 10 cwts. of coke in a vehicle fitted with a

portable producer gas plant would, therefore, give over

double the mileage obtained from the direct combustion

of 1 ton of coal, which in addition causes the loss of all

its valuable volatile constituents.

The stumbling block up to the present has been the

producer, and it is to the method in which the producer

has been modified for use on motor vehicles that atten-

tion must be paid. Whether the efficiency of a producer

is 95 per cent, or 75 per cent, is not of vital importance

when there is such a wide difference in price between

petrol or paraffin and the fuels used in the producer. The

main advantages and disadvantages of the use of producer

gas as a fuel for vehicle propulsion may be stated as follows :

It allows the use of home-produced fuels—fuels, more-

over, of which some are regarded at present largely as

waste products, such as anthracite duff. Non-caking

bituminous coal or coke can be used ; but as there are

many uses for them, while there are few for the duff, there

is no reason for using any other so long as it is available

at low prices.

It is safe, it eliminates all chances of fire, and would

greatly reduce the insurance premiums on vehicles and

the premises in which they are stored.
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Compared with coal gas, it does not call for labour in its

preparation, or the consumption of fuel of commercial

value in its production.

It eliminates the perishable gas bag, which generally

renders it impossiljle for a vehicle to stand under a crane

for loading or unloading goods.

It allows a vehicle to travel the same distance as on

petrol without taking in fresh fuel.

It is a fuel of almost unvarying quality, for it eliminates

mixture troubles and the need for more or less efficient

mixing valves.

It is the cheapest source of power known at present

which can be adapted to motor vehicles, and with coal at

40*. per ton is equal to petrol at 2id. per gallon when used

in the same engine.

It is lighter than a compressed gas installation, it

occupies less room, and eliminates expensive compressing

costs.

It requires no pressure, and there is therefore no danger
;

the pressure in the plant is always less than that of the

atmosphere, so if there is any leakage, it is of air inwards.

The disadvantages include :

The time taken to start from cold ; this averages from

fifteen to twenty minvites, but the fire will keep alight

all night if desired, while the vehicle can be ready for

a start in about four or five minutes the next morning.

The weight of the plant over and above that of the

fuel ; for a 50 h.p. engine, this is about 2 cwts. The tare

of the average 3-ton lorry is about 3 tons 15 cwts., hence

the proportion is not high in comparison.

The necessity for an occasional cleaning of the plant.

This involves a wash out of the scrubber every morning,

work which takes about five minutes, and which can be

done while the fire is being lighted, so that there need

be no loss of time. The plant should be started up in a

well-ventilated space, as the gas is harmful if inhaled in

quantities for any length of time. Once the plant is

going, however, there is no escape of gas.
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The time, three or four minutes, taken to start after

any lengthy stoppage.

An increase of 75 per cent, in weight of the fuel neces-
sary, including water, to cover any given distance, as

compared with petrol, unless the engine is adapted to give
higher initial compression, in which case the disparity in

weight is considerably reduced.

At the present time only two types of vehicles use
solid fuel, the steam vehicle directly and the electric

vehicle indirectly. Both of these are noted for their low
fuel cost, and this has much to do with the growing popu-
larity of these types. In the case of the steam vehicle,

a low upkeep cost, due to the vehicle being designed for

its work with no attempt to incorporate the latest pas-

senger car practice, which is quite unsuited for heavy
vehicle work, is also a powerful factor, but the cheapness

of fuel is the great consideration.

The user generally only regards the value, not the

weight, of the fuel used. It would be a very great draw-

back, therefore, to the internal combustion vehicle if,

in order to get equally cheap running, it had to consume
the same weight of fuel as the steam vehicle. A 5-ton

steam lorry running on rubber tyres and weighing, with

its load, 12 tons, should not consume more than 1 cwt.

per 8 miles. With coal at 50^. per ton, this is equal to

0'31 pence per gross ton-mile. A 5-ton petrol lorry,

weighing, with its load, 9 tons, would consume 1 gallon

per 6 miles, and this with petrol at 3.s. per gallon is equal

to 0'66 pence per ton-mile, or more than twice the cost

of the steam vehicle. Owing to the great difference in the

weights of the vehicles, it is necessary to take gross weight

for comparison, but taking the net load of the two vehicles,

the cost works out at 0'75 pence per ton-mile for the

steam vehicle, and 1'2 pence for the petrol vehicle. The

steam vehicle is, however, using 14 lbs. of fuel per mile

as against 1-3 lbs. for the petrol vehicle, but as the cost

of a ton of coal is little more than that of 1 cwt. of petrol,

that is, 505. to 42*., this is not considered.
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With such a great disparity in the price of the fuels,

it is quite obvious that the petrol vehicle, even with its

much more economical prime mover, cannot compete

with the steam vehicle in cost of fuel. By the use of pro-

ducer gas, the internal combustion vehicle is able to use

the same fuels as the steam vehicles, and, owing to its

higher efficiency, to consume far less in proportion to any

given work.

Unfortunately, the chief data to producer gas deal with

the weight of fuel per b.h.p., and it is somewhat difficult

to transform this into ton-miles in comparison with a

steam vehicle. It is, however, well known that small

steam motors are comparatively extravagant in fuel, and

it is doubtful if the consumption is less than 3 lbs. per h.p.

per hour. A petrol engine, taken in its " commercial

state " as usually found in motor vehicles, would consume

1 lb. of petrol per h.p. per hour. An engine designed

for producer gas would probably not use more than 12 lb.

per h.p. per hour, taking good anthracite as a basis, so

it can be seen that producer gas provides a fuel as low

in price as that used by steam vehicles and nearly as low,

measured in quantity for any given work, as that used

by petrol vehicles. The comparative costs are given in

Table I :

Table I

5-ton steam 5-ton petrol 5-ton producer gas

50s. per ton 3s. per gallon 55s. per ton.

12 tons 9 tons 9-5 tons

Price of fuel .

Gross load

Lbs. of fuel per mile

Lbs. per net ton-milo

Cost per lb.

Cost per gross ton-mile

Cost per net ton-mile

Equivalent cost of petrol

per gallon . . .Is. 6d. 3s. 2s. 6rf.

014 1-33 1-56

2-8 0-26 0-312

0-268d. i-5d. 0-294d.

0-3M. 0-66d. 0048rf.

015d. l-2d. 0091rf.

This table indicates that by using producer gas in an
internal combustion engined vehicle, the steam vehicle

is no longer the cheapest in fuel cost, although the fuel

for the producer gas vehicle is taken at a higher figure,
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the current market figure at this time. It is in the

weiglit of fuel, however, that the greatest saving is accom-
phshed ; the steam vehicle uses about nine times greater

weight of fuel per mile than the producer gas vehicle.

Assuming a journey of 100 miles, the steam vehicle would,

therefore, have to carry over half a ton more fuel than

the producer gas vehicle in order to accomplish the full

distance. If other things were equal, this would seem

to point to the extinction of the heavy steam vehicle, but

this is not likely to happen until the makers of the internal

combustion type of vehicles build a vehicle which can

take the place of the steamer with its extremely low

upkeep, repair cost, and great reliability. This is the

type of vehicle which will probably be adopted eventually

for the use of producer gas.

The application of producer gas to motor vehicle pro-

pulsion has already attracted much attention. It is very

difficult to state definiteljf at this time who originated

the idea, but it seems very probable that the first internal

combustion engined vehicle that ever ran on common
roads was driven by producer gas. In 1819 David Gordon,

who was the patentee of a portable gas-producing

apparatus, endeavoured to form a company to build mail

coaches and other carriages on his system, using a gas

vacuum engine. Details of Gordon's apparatus are

meagre, but it is described as comprising a " carbonic

oxide " furnace. Coal gas had just come into use at that

period, and as Gordon was in collaboration with Murdoch

at Soho, his gas-producer might have been a carbonizing

apparatus as used for the production of coal gas. There

is no record that Gordon ever propelled a vehicle on his

system.

In 1823 Samuel Brown patented a vehicle propelled

by gas, and a machine constructed on his patents is said

to have ascended Shooter's Hill at high speed. Brown's

would appear to be the first internal combustion vehicle

which ever ran. The high consumption of this engine

must have put gas bags or cylinders of compressed gas
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out of the question, even if such articles were available at

that date. Brown was fully alive to the possibility of

gas propulsion of boats. He ran a boat which used his

apparatus on the Thames, and formed a company called

the Canal Gas Engine Company, but this soon went into

liquidation. Brown was undoubtedly before his time,

and he shared the fate of so many other inventors who
lived before the world was in need of their work.

Producer gas, as applied to internal combustion work,

did not, however, receive much attention until stationary

gas engines began to be built in large sizes. These were

costly to run on town gas, and could not, moreover, be

used at all where no public gas supply was available.

It is true that gas-producers or, as they were termed,

carbonic oxide furnaces, were used for heating purposes,

many patents being taken out about 1860 for such fur-

naces. The success attending the use of stationary pro-

ducer gas engines, and the very low cost of running them,

were the reasons which led manj^ engineers to see if this

source of power could not be successfully adapted to

motor vehicle propulsion.

The problem of running the engine of a motor vehicle

on producer gas is a very different one from that of run-

ning a stationary engine where weight and size of plant

need hardly be considered and flexibility is not important.

Provided that room could be found, and the vehicle could

carry the weight involved, it would be quite possible to

use any form of stationarj^ producer on a motor convey-
ance so far as furnishing the gas to the engine is concerned.

A 40 to 50 h.p. stationary producer plant would weigh
about 3 tons, and would fully occupy the loading space

of a heavy vehicle. It would also require about If gallon

of water per horse-power or, say, 680 lbs. per hour, for its

operation. Even if by the use of pressed steel the weight
of the producer plant was reduced, as far as possible, the
size and high consumption of water would still remain
and would render its use impracticable.

Failure to adapt gas-producers to motor work has
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chiefly been due to the fact that the stationary plant has

been taken as a basis, and every effort has been concen-

trated on reducing it in size and weight, while tJie features

which render the ordinary jjroducer impossible for motor
vehicle work still remained. The adaptation of apparatus

to use this form of fuel is dealt with here ; it will be neces-

sary, therefore, to point out these features and to indicate

why they must be eliminated before it can be successfully

applied to veliicle work.

The inflexibility of the ordinary producer is bound up
with the lack of control of the water supply and the form

of fire bed used. It is assumed that a producer is working

on a steady load, air is being drawn over the surface of

the water in the vaporiser, and takes up a certain quantity

of steam. If the load is suddenly increased, more air

would pass over the water, but no increase of steam

would be available, in fact the tendency would be to cool

the water down and decrease steam production. The

gas Avould therefore be of lower quality, and the engine,

instead of responding to the increased load, would stagger

and possibly stop. Even if the steam were available,

the fire, possibly with a layer of ashes between it and the

bars, and a bed of dead fuel above it, cannot respond

rapidly, and would l)e cooled out by the sudden increase

of steam drawn through it, so that the quality and quan-

tity of the gas would be still further reduced.

About ten years ago, engine flexibility was not con-

sidered of such importance on conunercial vehicles, and

it did not then appear that it would be a great drawback

if a constant speed engine had to be used with producer

gas. The most serious trouble that had to be faced was

the cleaning of the gas, and it did not appear possible in

the restricted space available on a motor vehicle to fit a

satisfactory scrubber that>'ould deal with the gas given

off, which contained certain volatile matter, as well as

dust, and therefore had to be washed or scrubbed before

it could be used in the engine. The great size and weiglit

of the producer, even when reduced as nmeh as possible,
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also rendered the scheme impracticable. One reason for

the great size of the normal design of producer is the fact

that a very large quantitj^ of fuel is carried in it at all

times ; in this it resembles the old surface carburetter.

Latta states that the fviel bed of a producer using

anthracite peas should be not less than 30 ins. deep to give

the best results, while with larger fuel and coke another

12 ins. or so would be necessary. This in itself makes the

producer very large, and also calls for the presence of a

hundredweight or so of coal in the producer itself. The

fuel bed in an ordinary producer is divided into zones :

(1) The ash zone.

(2) The combustion zone.

(3) The decomposition zone.

(4) The distillation zone.

The second zone is the one in which the actual work is

done. The others give trouble, especially the first and

fourth, the gradual deepening of the first deadening the

fire and needing periodical clearing away, which can only

be done with the engine stopped, and the fourth giving

off the volatile constituents of fuel, which are almost

impossible to eliminate on a motor vehicle.

The size of a producer is regulated by the consumption

of fuel for any given grate area. In stationary producer

practice, a consumption of 10 lbs. per sq. ft. per hour is

a usual figure. Assuming that a 50 h.p. producer is re-

quired, and the consumption of fuel (anthracite) is taken

at 12 lb. per h.p., it will readily be seen that a producer

with the necessary grate area could not be accommodated
on a vehicle without great loss in carrying capacity. In

some producers a consumption of 80 lbs. per sq. ft. of

grate area per hour is possible. To deal with the neces-

sary fuel consumption in this case, a grate diameter of

approximately 12 ins. is required, and this gives 2 sq. ins.

per h.p. This factor can be used for producers between
20 h.p. and 80 h.p. The range of any given size is fairly

wide, but if the producer is much too large for an engine,
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trouble will be experienced on light loads, such as when
the engine is running light at slow speed. The suction

through the producer is then insufficient to keep the fire

at the right temperature, and if the engine is suddenly
speeded up after running slowly for some minutes, the

producer may not respond, and the engine will need careful

nursing for two or three minutes to get the fire hot again.

It is really quicker when this occurs to blow up the pro-

ducer as when starting up, as thirty to forty seconds

blowing will freshen up the fire sufficiently.

On a motor vehicle the engine is very seldom working
up to its full power, so that the producer is generally

working well within its limits. If the engine, when run-

ning light, is kept at a fair speed, say, 300 revolutions per

minute, no trouble will be experienced if the producer is

proportionate to the size of the engine. For short periods

the engine can be set just to turn over, and it is possible

to get a much slower running speed on gas than on petrol,

but this must not be maintained. For vehicle stops of

less than ten minutes, it is not worth while to stop the

engine, as the cost of fuel is negligible, but for stops of

longer duration tlian this the engine should be stopped,

as it can be restarted, even after a stoppage of some

hours, in three minutes.

The position whicli the producer is to occupy on a

vehicle is primarily regulated by size and weight. With

some producers there is no option ; they cannot be

located in the most advantageous position, some part of

the useful space on the vehicle must be sacrificed, and

access can only be obtained or attention given to the pro-

ducer by stopping the vehicle. As it is now possible to

reduce the size and weight of the producer plant, it is

not necessary to encroach on any useful space or the

driver's accommodation, and in the few cases where the

driver's seat is placed on one side of the bonnet the pro-

ducer could be fitted on the other. The plant will then

be under the constant observation of the driver, and,

although practically no attention is required after once



142 MODERN MOTOR CAR PRACTICE

starting, he will be able to see that the functions of the

producer are being carried out. If necessary, it could be

put under the bonnet.

The canopy over the driver's head will accommodate

a fuel hopper capable of holding enough fuel for a day's

run, so that here again no useful space is occupied ; in

fact, unless attention is specially drawn to the fuel hopper

Fig. 49.—A producer gas plant in place on a heavy lorry.

it is not noticeable. The water for the producer can be

carried in the space usually occupied by the petrol tank

under the driver's seat, or in the part of the canopy not

occupied by the fuel hopper. The pipe conveying the

fuel to the producer presents no obstacle to the driver's

view, and has a slot running down its length by which

he can constantly watch the feed of fuel. Little or no

heat is noticeable from the producer when running. The
asphyxiation of the drivers, which was often prophesied,
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has not yet occurred, and if it be remembered that wliile

running there can only be leakage of air into the plant,

not leakage of gas from the plant, it will be appreciated

that no danger can arise. By carrjdng the discharge pipe

above the canopy, all fumes and gas, when blowing up
or standing, can be conducted above the toj) of the vehicle,

and dissipated without annoyance.

Producer gas as a fuel offers so many advantages that

it is essential to consider the design of a vehicle to use

this fuel, because if it is used in engines particularly de-

signed for petrol the best results cannot be obtained, and

its use is likely to prove disappointing. The petrol engine

is designed to use a fuel which is relatively expensive,

therefore every designer has made fuel economy his first

thought.

While it is necessary to consider economy, even with

producer gas, it is by no means such an important item

as it is with petrol, and the advent of a cheap fuel serves

as an opportunity to introduce a tj'pe midway between

the present steam and petrol vehicles, having the low

upkeep and reliability of the former, with most of the

advantages of the latter, such as large radius of action,

with a fuel cost only a fraction of that of either.

The chief alterations would be in the design of the

encrine. Using a cheap fuel, the need for a small high-

speed engine for commercial work vanishes to a large

extent, and it is possible to consider a large, compara-

tively slow-running engine, having the long life and low

upkeep cost of a stationary engine. The increase in

weight would not be considerable, while it should be

noted that in comparing the running costs of petrol, steam,

and producer gas vehicles, 10 cwts. have been allowed

for the increased weight of the last-named vehicle, in-

cluding the producer. This increase would cover the

weight of the larger engine also, but not of any increase

in the strength of the other parts of the vehicle, as doubt-

less the widest application of producer gas would be to

vehicles which may be termed medium-built commercial
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vehicles, differing only from the present petrol lorries in

having an engine designed to use this fuel.

Owing to the very great saving possible in fuel cost

by the use of producer gas, many existing petrol vehicles

will no doubt be adapted for its use ; unless this is pro-

perly done, however, the results will be disappointing, if

not absolutely unsatisfactory. It is no longer a matter

of doubt as to whether a producer can be so reduced in

size and weight, and suitably modified, as to allow it to

be used for vehicle work. To adapt it for use with an

engine designed for quite a different fuel is another matter.

With most makes and types of commercial vehicles the

problem resolves itself into one of power, if gas from

anthracite or coke is used. Alterations to engines are

seldom satisfactory. Assuming, however, that no altera-

tion in the engine is made, there is a loss of power of any-

thing up to 20 per cent., varying with the design of engine,

by using producer gas from anthracite or coke in place of

petrol. With a high-powered vehicle having a relatively

low gear ratio, this may not be serious, but with others,

where the engine power is comparatively low in propor-

tion to the gross load or the gear ratio is bad, it might be

impossible to use producer gas if the vehicle had to perform

the same work as on petrol.

An instance may be given of two vehicles of different

make, both rated at the same carrying capacity, one

having an engine of 108 mm. bore by 150 mm. stroke,

and the other of 150 mm. bore by 160 mm. stroke, the

gear ratios being almost identical. If the vehicle is chain-

driven, it may be possible to fit smaller pinions on the

counter-shaft, and thus, to an extent, negative the loss in

power, but at the sacrifice of speed. With vehicles hav-

ing a bevel or worm-driven rear axle, no alteration is

generally possible, so that the loss of power must be

accepted unless some alteration can be made in the engine

or gearbox. Some advantage would be obtained by in-

creasing the compression, and a new set of dome-topped
pistons is the best method of attaining this end.
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In some engines it is possible to fit new cylinders of

larger bore, the compression being also increased, but this

is an expensive matter, which is only possible in a few

cases. A new and larger engine is the only remedy with

many vehicles, as they are already underpowered on

petrol. This may seem a very expensive alternative,

but it must be remembered that by the use of producer

gas it has been found possible to save £30 in fuel for 1,000

miles of running, and at this rate a new engine would

prove a very good investment.

With many makes of motor vehicles, it is possible to

install producer gas without alteration, and for the vehicle

to perform its normal work with only a slight loss in

speed over a give-and-take road, while in level districts

producer gas could be used without any difficulty on any

vehicle designed for petrol. Where it is intended to use

producer gas on a petrol vehicle, prepared peat should

be used as fuel, reserving anthracite, coke, and the more

readily obtained fuels for vehicles designed for use with

producer gas. The quantity of peat required is not

large, and it would very soon be generally obtainable if a

demand existed for it.

In any case, no difficulty would be met with in getting

stocks to be held at the vehicle garages ; a supply for a

200-mile run can be readily carried, especially as in the

case of a shortage the vehicle could always be run on

anthracite, coke, or charcoal. Peat could, of course, be

used for vehicles designed for producer gas, and its use

would be preferable, but the reason for advocating this

fuel especially for vehicles designed to use petrol will be

made clear by the details given on pages 156-7, and by

the fact that it almost entirely removes the difficulty of

loss of power caused by using gas from anthracite and

coke in a petrol engine.

The use of producer gas derived from anthracite or

coke on a petrol vehicle, without any alteration in the

engine or the gear ratio, could hardly be expected to give

satisfactory results, yet the following details show that

10
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it is possible for the vehicle to put up quite a good per-

formance, and the saving in cost of fuel would more than

counterbalance any drawbacks due to the use of producer

gas.

The vehicle in question was fitted with a 4-cylindered

engine, 4^ in. dia. by 5 in. stroke, and, owing either to

wear or design, the gauge compression pressure was only

65 lbs. per sq. in. Four speeds were fitted, and the final

drive was by worm, making any alteration in the gear

ratio impossible. The weight of the vehicle fitted for

petrol consumption was 3 tons 12 cwts. 5 qrs. The car-

buretter and its connections were removed and the pro-

ducer plant fitted, bringing the weight up to 3 tons 15 cwts.

The vehicle had been " cast " or discarded for service,

and was in need of thorough overhaul, but no work of any

sort, apart from the fitting of the producer, was carried

out.

The petrol consumption had been officially checked for

over 1,000 miles while the vehicle was running on its

ordinary work, and was found to be 4-7 miles per gallon.

As it is necessary to deal with fuel by weight, it is assumed
that a gallon of petrol weighs 8 lbs., and this corresponds

to 1-7 lb. per mile. The rated load of the vehicle was 2

tons, giving a net load consumption of 0-85 lb. of petrol

per ton-mile, and 0-29 lb. per gross ton-mile. At the

period when these tests were carried out, in May 1918,

petrol was 3,?. M. per gallon, and anthracite 40.s. per ton.

The appended table gives the figures of performance on
a run of fiftv miles :

Tare
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ciently good to encourage the production of a vehicle

designed for the use of this fuel, which removes one of the

greatest handicaps to the development of road transport

—dear fuel.

The field of application of producer gas to vehicle pro-

pulsion is very wide. The first and largest application

will undoubtedly be to the heavier type of commercial

vehicle. With light commercial vehicles and cars there

may be some opening. A producer gas vehicle, using

coal, cannot start from all cold in less than fourteen to

fifteen minutes, nor get away at any time in less than

five minutes ; this delay is serious, and is one of the

chief reasons for the moribund condition of the steam

pleasure car.

By running heavy vehicles, which have a very short

mileage per gallon of petrol, on producer gas, it would

release more petrol for light vehicles, and might have

some effect on the price. For agricultural tractors, pro-

ducer gas should have a wide scope. The cost of liquid

fuel is a very serious consideration in agricultural work,

and has undoubtedly restricted the use of internal com-

bustion tractors and ploughs up to the present. In many
districts local fuel could be used in the producers, giving

power at practically no cost ; this should be reflected in

the price of food and living generally.

For road rollers, heavy road tractors, and other uses

where a considerable amount of power is required, and it

has been too costly to use petrol, internal combustion

engines can now be used. For most purposes where in-

ternal combustion engines, using liquid fuel, are in use on

any form of vehicle, producer gas could be substituted

without difficulty and with a great saving in fuel cost.

As a considerable amount of use may be made of pro-

ducer gas in engines designed for petrol, some notes on

the effect of this fuel on such engines may be of interest.

In the first place, it was found that by using producer gas,

lubrication troubles, and troubles with carbon deposit

caused by low grade petrol, were greatly relieved. Pro-
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ducer gas has no diluent effect on lubricating oil, hence
thinning out of the oil, with its consequent troubles, does
not occur. The pistons, also, remain practically free

from deposit, and it would only be necessary to decar-

bonize these at very long intervals, if at all.

With some engines, having enclosed valves, trouble is

likely to arise from the hd^ricating oil charring, or carbon-

FlG. 50.—A motor lorry equipped with a producer gas plant.

izing, on the valve stems when producer gas is used.

With petrol, this does not often happen, as the petrol

vapour thins out the oil and prevents it caking. Even
some petrol engines, however, are subject to this trouble,

which, it must be admitted, would be aggravated if

producer gas were used.

Generally speaking, brass or gunmetal should not be

used in contact with the gas, though it does not appear

to have any ill effects on such parts as the induction pipe.

Knocking, or " pinking," never occurs with producer gas,
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even if the speed of the engine is greatly reduced by the

load, and with the ignition fully advanced. It is, indeed,

very surprising how the engine will continue to pull up

an incline without changing gear, until it is just turning

over. It is not advisable to do this, as the power of the

engine is proportionate to its speed, but it is an interesting

point as showing the flexibility of the producer. The use

of unwashed gas has not been found to cause any dele-

terious elfects on the metal of cylinders, valves, or pistons

which remain unclean.

Some difficult)' in starting up after a long rvm was ex-

perienced when using sparking plugs of the type having

a stout central electrode with a tliin wire electrode bent

over from the shell. Examination showed that the heat

had caused the thin wire electrode to drop away from the

central electrode, and if this was bent back again the

plug would function satisfactorily until the engine was
agam stopped and allowed to get cold. This would seem
to indicate that although the total heat evolved per

charge with producer gas is less than that of petrol, the

flame temperature is higher, as this trouble does not

arise with petrol. The substitution for this type of plug

of the type in which the central electrode is surrounded

by a corrugated edge disc quite removed the trouble.

The sparking plugs keep very clean indeed on producer
gas. No serious trou))le is, therefore, to be anticipated in

the use of producer gas in an engine designed for petrol,

apart from that of loss of power, which is dealt with else-

where.

The upkeep cost of the producer is a point which is fre-

quently raised by those who are considering its applica-

tion to motor vehicles. The working parts, or the parts

liable to need renewal, are the firebars and the refractory

lining. The mechanically operated parts of the producer,
owing to the very low speed, seldom require attention
during the life of the vehicle, iDut the lining and firebars

require periodical renewal. The cost of fitting a new
lining is made up chiefly of the labour involved in the
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taking down and re-erection of the producer. A lining

siiould run approximately 10,000 miles, which can be
taken as a year's work for the majority of lorries, and a
set of firebars should have the same life. The cost of

fitting the new hning would be about £2, including the

lining, while the cost of the new bars per set would be

approximately 15.s., though a whole set is seldom required,



]52 MODERN MOTOR CAR PRACTICE

taken while the vehicle was running at different speeds

and on different gears. The route chosen was a typical

London omnibus route, which included congested areas

at the busiest hours. The analyses are submitted here,

and it will be seen that no apprehension need be felt that

any annoyance will arise from the use of producer gas on

vehicles in towns, the results comparing very favourably

with those from the exhaust of petrol-driven vehicles.

Desci'iption of Test.

Analysis.

Engine idling, 400 r.p.m
4 m.p.h. 800 r.p.m.
6 m.i^.h. 700 r.p.m.
8 m.p.h. 700 r.p.m.
9 m.p.h. 800 r.p.m.
8 m.p.h. 600 r.p.m.
6 m.p.h. 500 r.p.m.
5 m.p.h. 800 r.jj.m.

5 m.p.h. 600 r.p.m.
Engine idUng

Carbon
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standing in a garage, it is certainly less dangerous than

the engine exhaust of a vehicle, but it is nevertheless

advisable to provide good ventilation in any garage where

such vehicles are housed.
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" beans," and it passes through a | in. or | in. mesh. It

should invariably be sieved before use in order to eliminate

any dust. If bought in truck lots from a colliery, it will

be received waslied and screened ready for use. A cubic

foot of anthracite weighs from 90 to 102 lbs., according

to its specific gravit}^ A cubic foot, if broken up to the

size of " beans," weighs approximately 58 lbs. A cubic
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bulky than anthracite. It has already been subjected

to one distillation, and, therefore, any volatile constituents

left in it are hard to deal with. The composition of the
fuel also depends on the class of coal from which it is

produced and the treatment to which it has been subjected.

It is by no means such a clean fuel in use as anthracite.

The sulphur content is over twice that of anthracite, and
for vehicle work, where a dry scrubber alone is possible,

this is a drawback. The ash percentage, also, is over

double that of anthracite, 5-8 as compared to 22, and the

calorific value is 13,500 B.Th.Us. The ordinary analysis

gives carbc)n 88 per cent. , hydrogen 0-02 per cent. ;

oxygen up to 3 per cent. The weight of a cubic foot of

broken coke is approximately 34 lbs. The space occupied

is, therefore, large in proportion to anthracite, especially

in view of its lower calorific value. It is, however, a fuel

which is readily obtainable and is usually cheaper than

anthracite ; it can be bought broken and screened to the

size required ; it is clean to handle and safe to store, but,

owing to its rough surface, it does not feed so well as

anthracite.

In working with coke, a larger quantity of water is

required per lb. of fuel than with anthracite ; this is

readily obtained by altering the stroke of the water pump
and the setting of the steam throttle. It is possible to

use coke without this alteration, but as it only takes two

or three minutes and gives much better results, it is

worth doing. The best depth of fuel bed is 7 ins.

Charcoal is a very suitable fuel for vehicle work. Apart

from its light weight per cubic foot, which is approximately

17 to 18 lbs., and the large space occupied compared with

petrol to cover a similar distance, it has practically no

drawbacks. The calorific value is approximately 14,000

B.Th.Us. It should be broken to the same size as anthra-

cite. It is possible to get away very quickly by using

charcoal, a start from cold having been made in ten

minutes. The ash is very light and is liable to be drawn
over into the scrubber, so that if this fuel is to be used
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exclusively either a large filter box must be fitted or the

scrubber must be cleansed out at shorter intervals. It

has a very wide distribution, and is often available in

districts where coal and oil are unobtainable. With this

fuel a thinner fire bed is required, the best results having

been obtained when the depth was maintained at 4 ins.

With light fuels, such as charcoal, the range of the vehicle

would be reduced considerably as compared with petrol,

owing to the large bulk occupied by the fuel, but no

difficulty should be experienced in having fuel stations

along the roads which would only have to be utilized for

long journeys. A 3-ton vehicle should run on 3 lbs. of

charcoal per mile, so that 1 cub. ft. would run six miles.

Six or eight cubic feet could be readily carried on such

a vehicle, so that a range of 40 to 50 miles coidd be covered

on one fill-up.

Peat did not at first appear to be a very suitable fuel

for vehicle work, and the first trials, made with ordinary

dried peat, which contained 64 per cent, of volatile con-

stituents, were not satisfactory. This percentage was

quite beyond the capabilities of the plant, and effectually

tarred up the engine after only a short run. When, how-

ever, compressed and dried peat was used, the results given

were extremely good and exceeded those given by either

charcoal or coke. The peat is compressed into briquettes

and afterwards dried to drive off the moisture and trouble-

some volatile matter. The result is a fuel which is

eminently suitable for producer work, especially on motor
vehicles, as it enables a rapid start to be made, gives an

extremely clean gas of high calorific value, and needs

little scrubbing.

When broken into suitable sizes, the weight per cubic

foot is approximately 47 lbs. The dried peat breaks

readily into suitable size and is not friable, so loss from
dust is negligible. One peculiarity with this fuel is the

shallow fuel bed required, a depth of 2 ins. to 3 ins. giving

the best results, though satisfactory running has been

obtained with a bed only 1| in. thick.
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The producer for this fuel could, therefore, be of very
small dimensions, but the ordinarj? size of an anthracite

producer has so far been used. Peat has a wide distribu-

tion, and its satisfactory adoption must be of enormous
assistance in spreading the use of the internal combustion

motor vehicle, especially for agricultural work. The fuel

can be supplied at approximately 16.s. per ton, and is

equivalent to petrol at little over Id. per gallon. The peat

fire will remain ahght many hours, ready for an almost

immediate start, while starting from cold can be accom-
plished in from seven to ten minutes.

It has been calculated that the straw destroyed or

worked back into the ground annually in Western Canada
alone would, if used in producer gas plants, give an equiva-

lent of 470,000,000 gallons of petrol. Other fuels will,

no doubt, be found, which are quite suitable for vehicle

propulsion, but enough has been written to show how
much the fuel field has been widened by the use of a gas

producer adapted to motor vehicle work. All the above

fuels cannot be " cornered " or juggled with financially,

and they can all be used without any trouble or draw-

back in producer gas plants.



CHAPTER IX

THE STEAM CAR

In 1921 no steam-driven pleasure cars were being built

in Great Britain, but numbers of various makes were and

are still in use. In order of importance these are the

Stanley, White, SerpoUet, Pearson & Cox, and Turner

Miesse vehicles.

The first two makes are American, the second French,

and the last two British, the Turner Miesse, however,

being originally of Belgian design. The Stanley is the

only steam car of the makes mentioned still being manu-

factured. There is, however, one other steam car in the

Doble, which is of American manufacture and very

advanced design. At the time of writing (1921), although

it is understood that the car is practically finished, it is

not clear whether the factory is in the production stage.

Whether, in view of the fuel crisis, which promises to

become more serious as time goes on, manufacturers are

wise entirely to neglect the steam or external combustion

car in favour of the internal combustion vehicle is open

to question. Unless the present fuel supply can be con-

siderably augmented it would seem that possibly designers

will be forced to further consideration of steam-driven

cars.

If the commercial vehicle field is survej'cd, it will be

seen that the steam-dri\en vehicle does and should occupy

a high place, for not only is it cheaper in fuel cost, but it

is acknowledged to be cheaper in upkeep and repair, and

further, to be more generally trustworthy in heavy work
than the internal combustion vehicle.

There is no reason why steam-driven passenger cars

cannot be produced which would be equally as satisfactory

158
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as the liquid fuel cars, and which could use solid fuels,
such as anthracite, wliich is clean to handle, smokeless,

STCrtINC SHOOT

SLlPCRHElATf.R

Fig. 52.—The general boiler lay-out as emplo^yed on one of tlie most
successful heavy niotors. The design is mueli too cumbersome,

however, to make its use practicable on passenger cars.

and gives practically no ash. A large car, seating seven

passengers, should not consume more than 3 lbs. of fuel
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per mile which, at 44).y. per ton, would only cost |d. per

mile, or compared with petrol at 35. 8d. per gallon, would

give an equivalent of 55 miles per gallon. The upkeep

cost of a steam car should also be very low, as the machinery

is simple and runs at low speed. Nor does the steam car

require, or at least it cannot profitably utilize, the hun-

dred and one items sold for the internal combustion car,

such as various carburetters, sparking plugs, decarbonizers,

and so forth, while the even turning motion and smooth

starting render the steam car very light on tyres.

The chief drawbacks to tlie older types of steam cars

were : the time taken to start from cold ; comparatively

short mileage on one filling of the tanks with water,

rendering it necessary to carry a lai'ge quantity of

water; for short distance or work requiring frequent

stoppages, the car had to be left under steam
;

poor

design, many important parts being almost inaccessible,

even when cold, and quite inaccessible when under steam ;

unnecessary complication in design and working.

The steam car can be, and should be, a simple car.

The advantages, apart from low fuel and running cost,

include : no clutch or gears ; rapid acceleration ; silence,

even when car is old or worn ; large reserve of power,

which gives good hill climbing.

Unlike the petrol vehicle, which has now settled down
to a standard design, so that the chief point of difference

with many makes lies in the shape of the bonnet and
radiator, the steam car has no fixed design, and not only

differs widely in different makes so far as the position of

the machinery is concerned, but also in the type of

machinery. For instance, the Stanley car has the boiler

under the bonnet, this component being of the vertical

free tube type, the engine, which is of a horizontal simple

high pressure type, being directly coupled to the rear

axle. The White car has the engine, in this case a vertical

compound, under the bonnet, and the boiler, or rather,

generator, as it is of the semi-flash type, under the driver's

seat amidship. The Serpollet, Pearson & Cox, and Turner
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Miesse have all flash boilers or generators under the

bonnets, though in some tj^pes of SerpoUet cars the genera-

tor is situated at the back of the car.

All these cars have horizontal engines, the Serpollet

having four cylinders and the others three. The units

closely resemble petrol engines in design, being single

acting and having poppet-valves, inlet and exhaust,

actuated by cam-shafts. Not onlj^ do the main features

differ widely, but the secondary features, such as burners,

method of water feed to the boilers, and lubrication, differ

greatly.

Unless each car is dealt with at length, any details

regarding the working or driving can hardly be given,

because what would aptly and accurately apply to one

car would be impossible with another. Before lighting

up a Stanley car, for example, care must be taken to

ensure there being plenty of water in the boiler ; but

with the Serpollet and Turner Miesse, the boiler has to be

quite empty when lighting up, and must so remain until

it is desired to start the car. It is, therefore, proposed

to deal generally with the main principles of steam cars

and their working, afterwards giving a fairly full descrip-

tion of the two makes of car which are still being manu-

factured, namely the Stanley and Doble.

Instruction books issued by the respeeti\'e makers are

still available for the older types of steam ears ; these

must be referred to for full details of the operation of

any particular type, as in small matters the cars differ

so widely in the various makes that no general instructions

could cover them.

The power plant of a steam car consists first of all of

two main items which include the boiler and the engine ;

and the foHowing systems : water, steam, fuel, exhaust,

lubrication.

There is usually no transmission system, such as on

a petrol vehicle, the engine being directly coupled to the

rear axle either by chain or other gearing, with no clutch

intervening.

11
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3.—Tubular boiler for steam car.

The boiler is the true source of power on a steam car,

for the engine only uses the power generated by the boiler.

The size of engine is of secondary importance, as it is

possible by increasing the steam pressure to get greatly

increased power from an engine of any given size. The
power of a steam

engine depends

on the pounds

weight of steam

which it con-

sumes per hour.

Assuming that an

engine uses 50 lbs.

of steam per

hour, at 100 lbs.

per square inch

pressure, its

power would be

doubled if twice

the quantity of

steam was put

through it in the

same time, the

speed remaining

the same. To do

this, however,
the pressure

would have to be

increased to 200

lbs. per square

inch.

Here we have the first great difference compared with

the petrol engine, where more working fluid can only be
passed through the engine in a given time by increasing the

engine speed. A boiler is capable of evaporating a certain

quantity of water per hour, or per square foot of heating

surface per hour ; it is this factor which determines the

power of the car. The idea will be more clearly grasped
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if it is stated that in the White cars the cylinder size was
practicallj^ the same in the 10 li.p., 15 h.p., 18 h.p., 20 h.p.,

and 30 h.p. cars. The last probably weighed 250 per

cent, more than the 10 h.p., and was quite four times as

powerful. But although the cylinder sizes were identical,

the 30 h.p. engine was much more sturdily built in every

way, the additional weight and strength being necessary

as a much larger quantity of steam was being passed

through the cjdinders in a given time. As a matter of

fact, compared with the 10 h.p., the steam pressure was

Fig. 55.

—

a compound steam engine u=ed on a popular steam lorry.

increased from 250 lbs. to 600 lbs. per square inch to

obtain this result.

Boilers differ greatly in various makes of cars, as already

pointed out, but the governing idea is the same in all

designs, and is to get the greatest possible heating surface

in the smallest space, as heating surface represents power,

and also has to absorb the heat given olf by the burner.

" Explosion " is quite impossible with any steam car

boiler, as the surfaces exposed to pressure are all small,

and while a spht may take place in a tube, due to over-

heating or corrosion, there can be no danger, for the

contents of the boiler would escape too slowly to do any

damage.

The type of engine most favoured is the double-acting
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double cylinder, giving four impulses per revolution, and

reversing by either Stephenson link or Joy valve motion.

Such an engine starts simply by turning on steam, and

starts with its load, exactly as with a railway locomotive.

No clutch is fitted, the unit being directly coupled to the

rear axle by suitable gearing. This type of engine also

runs equally well in either direction, so that no reverse

gear is required, the engine starting in the direction in

Fig. 56.—The power unit on the Stanley steam car.

which the valve gear has been moved, directly on the

admission of steam.

In some cases a compound engine is fitted. With this

type, high pressure steam is admitted to one cylinder

only, and when it has done its work there, it is exhausted

into a larger cylinder, where it does still more work before

passing to the condenser. The arrangement gives extra

economy and helps the condenser by lowering the tem-

perature of the exhaust steam considerably. As only one

cylinder normally takes steam direct, it is thus possible for

the piston to " dead centre." To obviate this trouble a

simple device is fitted which enables high pressure to be

passed to the larger or low pressure cylinder direct, thus
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ensuring easy starting under all circumstances, for the

cranks of the two cylinders are set at 90°, as compared
with the usual 180° setting of a petrol engine.

The admission and exhaust of steam for each end of

the cylinders is controlled by one valve per cylinder, in

every case cither a slide or piston valve. The engine is

usually arranged so that its speed is low in proportion

to the car speed. At 60 miles per hour, for example, the

Fig. 57.—Engine lay-out and details of a heavy steamer.

revolutions are under 1,000, and at slower speeds, say

10 miles per hour, the engine only runs at 100 revolutions

whether on the level or uphill, the extra power being

obtained merely by admitting more steam or increasing

the average pressure in the cylinders.

The two-cylinder steam engine, giving four impulses

per revolution, is, therefore, equivalent to an eight-cylinder

petrol engine, which only gives the same number and

which, moreover, must run at a high speed and employ

gearing if it is required to give its full power.

A large quantity of water has to be carried on a steam

car. Some cars condense the steam and use it over and

over again; other cars do not and, therefore, have to
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carry considerably more water for a given mileage ;
gener-

ally the water tank holds about 25 gallons in the latter

types. The water on leaving the tank passes to pumps,

driven from the engine, which force it into the boiler.

There are many different forms of control, which regulate

automatically or positively the quantity of water pumped,

so as to maintain either a steady water level or a steady

pressure, according to whether the car is fitted with a

boiler or a semi- or flash generator.

The pumps fitted are generally oversized for the work,

and some considerable portion of the water is, therefore,

by-passed back to the tank

by automatic devices when
the car is running fast, and

a lesser quantity when it is

running slowly, but pro-

bably doing heavy uphill

work. A hand pump is

also fitted to fill the boiler

initially, or when any

trouble occurs with the

power pumps. Good
strainers are fitted on the

water pipes to arrest any

dirt which might cause trouble with the pumps or valves.

On its way to the boiler the water generally passes through

a coil of tube encased in a metal chamber. The exhaust

steam from the engine passes throvigh this chamber, and

much of the heat contained in the exhaust, which would

otherwise be wasted, is absorbed by the water and re-

turned to the boiler. This device is termed a feed water

heater.

The steam pipe on leaving the boiler passes to the

throttle valve. This valve is operated either by hand or

foot, and controls the admission of steam to the engine.

Branches from the steam pipe supply various automatic

devices regulating the feed of water to the boiler and fuel

to the burner, and a branch also runs to the steam pressure

BUENFE-

FiG. 58.—Shows water and fuel feed

on a steam car boiler.



THE STEAM CAR 167

^KFAI^Drau DK.^?3 ROD

gp^FUEl

Fig. 59.- -Avitomatic thermostat for fuel

control on steam car.

gauge. The safety valve is also generally fitted on the
steam pipe on the boiler side of the throttle. In addition
to the driving throttle, a screw-down or safety throttle
is fitted to the steam pipe of several ears, so that safety
is ensured when
the car is left

standing under
steam, if this

throttle is closed.

On most steam
ears the fuel is

supplied to the

burner under pres-

sure, varying from a few ounces to 120 lbs. per square

inch, according to the tyjje of ear. In ears where a

high fuel pressure is carried, a pump driven by the

engine is fitted to maintain the pressure, a hand pump
also being sujjplied to furnish the initial pressure after

filling the tank.

An air pressure

gauge is fitted on

the dashboard,

and in some cases

a burner pressure

gauge also, to in-

dicate the pres-

s u r c on the
burner, which,

when the latter

is full on, should

correspond Avith

the fuel tank

pressure. The oil pipe on its way to the burner is led

through an automatic control, which regulates the quan-

tity of oil which is allowed to pass, according to either the

pressure or temperature of the boiler. On some cars both

types of control are fitted. The main burners generally

use paraffin, but the small heating burner or pilot, which

Fig. 60.—The burner on a ty|:iical steam car.
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burns all the time the car is under steam, and which keeps

the vaporizer of the main burner heated, burns petrol.

This enables a much quicker start to be made, as the pilot

jet can be lighted rapidly when petrol is used. The con-

sumption of the pilot burner is very small, and averages

about J pint per hour, or 24 hours to the gallon of petrol.

A hand control, worked from the driver's seat, is always

fitted on the main fuel pipe, so that the burner can be

turned off should the automatic controls fail. The petrol

supply is carried in a small separate tank, and is kept

supplied with air pressure for fuel purposes by the same

pump which supplies the main tank.

After the steam has done its work in the engine, it is

Fig. 61.— Sectional view of a steam lorry engine.

led into the condenser, which corresponds with the radia-

tor of the petrol car. A powerful fan cools it down until

a great portion is condensed, the remaining steam blowing

to waste through a valve loaded to a light pressure. A
pump, termed the return pump, is fitted on most cars,

and this draws the condensed steam from the condenser

and pumps it into the water tank. On some cars a grease

separator is fitted in the circuit to remove any oil from
the condensed steam. The water is thus used over and
over again, but there is always some loss which governs

the distance which can be run without refilling the tank.

The working part^ of the engine are generally splash

lubricated, but the cjdinders are supplied by a mechani-

cally driven oil pump, which forces oil into the steam
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pipe, the steam conveying it into the cylinders. In one
make of steam car, the cyhnder lubricating oil is poured
into the water tank and is fed with the water into tlie

boiler and, passing out Avith the steam, lubricates the

cylinders, and is again returned to the water tank.

The modern steam car in no way differs from the petrol

car in outward appearance. Electric starting is employed
for the burner, and a dynamo is carried to supply the

necessary current for keeping the starting batteries

supplied and also to supply the lamps. The general

arrangement of the various units of a 1920 type Stanley

car will be seen from the line drawing given herewith.

3
Pressure Tanks

C 3 e.

Fig. 62.—The general lay-out of a 1920-type Stanley steam car.

The water tank is housed below the chassis, and holds

enough water for a 200-mile run. The boiler fitted is of

the vertical fire tube type, and is similar to boilers largely

in use for stationary purposes. The energy stored in the

boiler when under full pressure is 1,500,000 ft. lbs., or

enough to drive the car, with the burner out, from two

to three miles on the level, or up a hill of 1 in 20 half

a mile long.

It is this immense reserve of stored energy which gives

the steam car its great flexibility, rapid acceleration, and

great hill-climbing powers. There are no clutch or gears,

the engine runs at 901 revolutions per mile whether the car

is doing 2 miles or 60 miles per hour> As the whole of

the power generation is quite automatic, the driver has

nothing to do but vary the quantity of steam admitted
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to the engine. The great power reserve is built up in

the time taken to raise steam, and is equivalent to allow-

ing the engine of a petrol car to run at full power for

frfteen minutes Ijcfore the car is started, the power being

used for winding up a great spring, the energy stored in

the spring then being available at all times. On easy-

roads, the spring would always be kept fully wound by
the reserve power of the engine, just as in the Stanley the

Fig. 63.—The semi-flash steam generator, fitted with sparking plug
ignition, used on the latest type of Doble steam car.

steam pressure is always maintained at full. The uses
and functions of the various parts will be gathered from
the details already given.

The boiler arrangements on the Doblc car are very
advanced. Electricity is used for starting, the burner
being lighted by pressing a switch ; the car can get away
in two minutes from the time of lighting the pilot jet for
a cold boiler. Paraffin is used as a fuel, no petrol at
all being needed. The burner details are interesting, as
much use is made of internal combustion engine units
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in its working. The action is : on pressing the switch,

the fan, seen on the left in the iUustration, is started,

and blows a strong blast of air through the tube shown
into the combustion chamber. In this tube are two
jets similar to carburetter jets, which are supplied with

paraffin by two float chambers, exactly as used in petrol

carburetters. The air blast from the fan picks up the

oil and atomizes it. Just above the jets is placed a

sparking plug. The action of pressing the switch causes

a spark to pass, so that the oil and air vapour mixtiu-e

BACL E. SOCKET
JOIKT

STEAia CHEST DRIP

Fig. 64.—The engine and transmission lay-out on the 1914 Uoble

steam car.

is ignited, and burns witli a powerful smokeless flame in

the combustion chamber.

As soon as the oil is ignited, the sparking plug current

is automatically switched off. When the desired pressure

is attained in the generator, the fan is stopped and the

burner goes out. When the pressure falls, the fan is

automatically started, and the operation described is

repeated. A dynamo and accumulators are carried to

furnish the current for the lamps, fan, and sparking plug.

The radiator fan, being driven by an electric motor, is not

dependent on the speed of the car. In the Doble, the

lubricating oil for the cylinders is poured into the radiator

and mixes with the water. Neither clutches nor gears of

any kind are used.

As will be seen from Fig. 64, the engine of tliis in-

teresting vehicle drives direct on to the rear axle in the
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same manner as in locomotive practice, except that the

latter has no differential gear. /There are only twenty-two

moving parts in the Doble car, the engine, which is of

the double-cylinder, double-acting type, having eleven of

these. It is greatly to be regretted that manufacturers

in this country are not giving more attention to steam

cars, for steam as a motive power has many advantages

which no internal combustion engine can possess, and

the steam car is capable of development along lines as

yet suspected but not tackled in a sound manner either

by designers or makers.



CHAPTER X

GEARBOXES

In the construction of a motor car there are many details

which are not strictly mechanical. It is generally con-

ceded, for example, that the usual type of gearbox is the

most unmechanical portion of a car, and it is probable

that the future will see the evolution and perfection of a

more mechanical arrangement on the epicyclic principle.

In fact, there is already a distinct tendency in this direc-

tion, so it may be that this type of gearing will eventually

come into general use.

It would be a mechanical possibility to build a car in

which the power of the engine, compared with the weight

of the vehicle, was so proportioned, and the final gear

ratio so arranged, that a gearbox would not be necessary.

The law, however, enacts that a motor vehicle running on

four wheels must have a reverse gear, although in this

respect gear changing can be avoided, as reversible com-

bustion engines have been built. There are many reasons

in practice, however, why such a car would not be suit-

able for normal use, which explains why we still have

that necessary evil, the gearbox.

The main object of the gearbox is to provide increased

leverage between the power developed by the engine and

the place at which it becomes effective, which is the point

of contact of the rear wheels with the road surface. The

general va],ue of increased leverage is commonly under-

stood. If, for example, there is a trunk of a tree lying

on the ground, which cannot be moved by the direct

effort of any individual, it is common knowledge that by

using a long crowbar as a lever the previously immovable

object can readily be moved. It is also generally under-

173
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stood that the movement thus obtained is slow in com-

parison with the speed with which the initial movement
is made. To make the illustration clear, if a tree trunk is

moved by means of a long crowbar whose free end travels

through an arc the effective length of which is a yard,

it is certain that the tree trunk will only be rolled a few

inches.

Precisely similar circumstances obtain in the gearbox of

a motor car. The engine is designed to be of such power

that, when running under reasonably economic conditions,

it has a comfortable reserve for a direct drive on level

roads or slight grades. When these conditions cease to

obtain, the engine is still allowed to run at a reasonably

economical speed, but the road wheels are driven at a

slower speed. In other words, the benefit of leverage is

provided.

Robbed of what may be termed its accessories, the

gearbox of a motor car is really quite simple. Take into

consideration the diagrammatic illustration, Fig. 65, which

indicates the primary essentials for changing speed, and
shows a gearbox which gives only one drive to the tail

shaft at a reduced speed. It illustrates, furthermore, the

essential elements of the construction, for it is by simple

addition of further gear-wheels that the necessary second,

third, or top direct drive can be added.

The drive from the engine is conveyed through the

medium of the clutch coupling, marked a. It will be seen

that this is mounted within the gearbox on two ball bear-

ings, and has at the other end a gear-wheel marked b.

Interior to this short shaft^there^is a main shaft c, which
is mounted inside the sleeve extension of a, at the point

d, sometimes on a plain bearing, and sometimes on a ball

or roller bearing. The shaft c is mounted at the other

end of the gearbox on another bearing indicated at e.

So far, then, it is obvious that the coupUng a can be
rotated by the engine without having any effect on the

coupling y, at the other end of the gearbox, which is con-

nected to the tail shaft. There is another shaft, g, known
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as the layshaft, also mounted on bearings in the gearbox.

This shaft has a gear-wheel h solid with it, whieh is always

in engagement with the gear-wheel h. Consequently,

whenever b revolves, h revolves at the same time, though

at a reduced speed, owing to the different sizes of the

two gear-wheels.

To take a simple illustration : if b has twenty teeth,

and h has forty teeth, then the latter will only revolve

half as fast as b. There is also a gear-wheel j, mounted

on a series of feathers or, as they are more frequently

Fig. 6.5.—The essential components of a gearbox. This one would give

only one ratio, the addition of extra goar-whoels being necessary

for additional ratios.

but less accurately called, keyways, cut on the shaft c.

Consequently, whenever the shaft c rotates, the gear-

wheel / rotates with it. This gear-wheel h, however, is

not definitely fixed as to longitudinal movement on the

shaft c, and a small collar A- is provided, so that it can

be moved laterally on the shaft. This movement, of

course, is obtained when the driver moves the change-

speed lever. It will be further noted that there is a gear-

wheel rti, which is solidly mounted with the layshaft g.

As the diagram stands, the coupling a may be driven

at, say, 1,000 r.p.m., under which circumstance the lay-

shaft g will be revolving at 500 r.p.m. The primary shaft
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c, however, will remain stationarj?, as it has a loose bearing

inside d. Suppose, however, that the rotation of a is

stopped by withdrawing the clutch, then, by means of

the change-speed lever, the wheel j is moved into engage-

ment with the wheel m. On letting the clutch in again

it is obvious that the drive will go from b to h, and then

from m to j. Assuming that the engine is still working at

1,000 r.p.m., the shaft g, and the gear-wheel m, revolve

at 500 r.p.m. If the gear-wheel m has twenty teeth, and

the gear-wheel / forty teeth, there is a second reduction by
half, so that the shaft c, and the coupling/, which drives

the tail shaft, will revolve at 250 r.p.m. only.

This theoretical consideration is precisely what happens

in practice in the gearbox of a car. The movements
already considered may be taken as representing the low

gear of a four-speed gearbox. The operation of the second

speed may now be examined. The pinions h and h remain

constantly in mesh, their relative positions never varying.

They are, therefore, normally referred to as the constant

mesh pinions. Whenever the one revolves the other must
do likewise, although at a different speed according to the

proportion selected for the particular car.

Having followed the operation of the first gear in some
detail, it is now a comparatively simple matter to see the

action for the second and third speeds. For a second

speed there must be a reduction from the engine to the

tail shaft, but not quite such a marked reduction as was

necessary in the case of the first gear. Consequently the

initial reduction obtained from the constant mesh pinions

is still utilized, but another couple of gear-wheels are

introduced, one of which is mounted on the shaft g, and

the other on the shaft c.

In the second illustration, which shows a complete four-

speed gearbox, these are indicated respectively by n and

o, the former on the primary shaft, and the latter on the

layshaft. A moment's consideration shows that the re-

duction from the layshaft g to the primary shaft c, and
therefore to the tail shaft coupling/, is less by the amount
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indicated in the varied proportion illustrated. It M'ill be
noticed that the gear-wheel n is mounted solid with the
gear-wheel j, so that the two are operated by the sleeve
k, which, it will be remembered, is controlled by the
change-speed lever. In. other words, when the change-
speed lever is moved into the first gear position it slides

wheel / to the right, so that it comes into engagement with
the wheel m. When it is necessary to change into second
speed, j is moved into the neutral position, as indicated
in the first diagram, and then the further movement of

Fig. 66.—The customary lay out of a four-speed gearbox.

the change-speed lever moves the wheel n over to engage-

ment with the wheel o.

As the change-speed lever is once again brought into

neutral, the two gear-wheels j and ti return to the neutral

position on their shaft c, so that neither is in engagement

with the gear-Avheels of shaft g. When the change-speed

lever is moved to the other side of the gate, preparatory

to engaging the third speed, the two gear-wheels / and n

are left in the neutral position, and cannot be moved by

the change-speed lever except when it is in the side of the

gate for obtaining the first or second speeds.

The third speed gear is obtained in exactly the same

manner as the second, namely by the addition of two

12
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further gear-wheels. That is to say, the gear-wheel p is

added to the primary shaft c and the gear-wheel r to the

layshaft. Once again a reduction, but of less magnitude,

is required in gear ratio from the engine to the tail shaft.

Therefore, the wheel on the layshaft is larger than in the

case of the first or second speeds, and that on the primary

shaft smaller.

To put the matter into figures, it will be remembered

that the constant mesh pinions are assumed to be respec-

tively twenty teeth for b, and forty teeth for h. With

the engine revolving at 1,000 r.p.m., this gives 500 r.p.m.

for h. Assuming, then, that the wheel r has thirty-five

teeth and wheel p twenty-five teeth, still imagining the

engine to be working at 1,000 r.p.m., the wheel r is revolv-

ing at 500 r.p.m., and driving the wheel p, and therefore

the tail shaft coupling/, at —— x -;, so the practical result
J. ^O

is that the tail shaft would be revolving at 700 r.p.m., with

the engine working at 1,000 r.p.m.

For the top speed, in practically every type of car, the

drive is direct through the gearbox ; that is to say, the

coupling a, receiving the drive from the engine, revolves

at the same speed as the coupling /, which is connected

to the tail shaft. Instead, however, of introducing another

pair of gear-wheels so proportioned as to give this result,

it is simpler and more efficient to connect the primary

shaft c positively to the driving sleeve d so that both

revolve at the same speed, leaving the laj^shaft g turning

round idly. This connexion is usually made by means
of some type of dog or jaw clutch, one half of which is

part of the gear-wheel h, the other half being built up
with the gear-wheel p.

It will be seen that a movement can be made either to

the right for engaging the third speed, or to the left to

engage the top gear dog clutch, thus giving a direct through
drive. In nearly all cars, even on the top gear, the con-

stant mesh pinions are true to their name—in other words,

they remain in mesh, though, of course, the layshaft is
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only turning idly. In some few cases, however, special

provision is made so that when the top gear is engaged
the constant mesh pinions are disengaged. Tliis arrange-
ment gives a slightly higher efficiency on the top gear,

although it introduces a certain amount of complication.
In order to obtain the reverse it is only necessary to

introduce an idler wheel between the drive from the
layshaft g and the motion of the primary shaft c. The
idea can be made quite clear by means of a simple little

practical experiment. Lay a penny and a halfpenny down
flat on the table with the halfpenny' below tlie penny.
Imagine the halfpenny to represent the gear-wheel m, and
the penny the gear-wheel /. Assuming that the engine

has a clockwise rotation, in accordance with normal prac-

tice, the constant mesh pinion will also rotate in the same
direction, so that the rotation of the layshaft will be anti-

clockwise. It follows, therefore, that the gear-wheel m
will also have an anti-clockwise rotation, and is assumed
to turn to the left as viewed on the table.

Obviously, therefore, the gear-wheel j will be turned to

the right, giving a movement which tends to drive the

car forward. If, now, the halfpenny is moved down and
another halfpenny introduced between it and the penny,

when the bottom halfpenny still turns to the left it is

obvious that the revolution of the penny is reversed, and
is also to the left. This is what happens in practice, ex-

cept that it is simpler to move the wheel laterally and
introduce a second wheel than to move the gear down-
wards.

The control method adopted is practically universal in

general principle. The change-speed lever has a lateral

movement from the neutral position both to right and

left, and also a forward and backward movement to engage

the respective gears. When three speeds forward and

one reverse are provided in the gearbox, obviously there

are four distinct movements for the change-speed lever.

When the gearbox provides four speeds and a reverse, a

separate position in the gate is provided for the latter.
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It will be remembered that in the necessary changes

the gear-wheels mounted on the primary shaft are capable

of lateral movement, although keyed so that when they

revolve the shaft itself must revolve. Nowadays, it is

usual to divide the respective movements into two, so that

one pair of gear-wheels moves from the neutral position

Fig. 67.—The gearbox used on the 1920 Guy eight-eyUndered car. The
change lever is mounted on a bracket bolted to the gearbox itself,

hence the risk o£ binding, due to distortion of the main frame, is

avoided. This maker follows the more orthodox practice of mounting
gearbox, clutch, and engine as separate units.

either to the right or to the left, for the low speed and
second speed respectively (in a four-speed gearbox), and
the other gear-wheel, Avith its dog clutch member also,

moves to the right and the left for the third speed and the
top speed respectively. Consequently both are provided
with sleeve extensions.

A yoke somewhat similar to a Y hts into grooves cut

in these sleeves, and is attached to a selector rod. As
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the selector is moved to right or left, the gear-wheels also

move in the same direction. The change-speed lever,

when moved to the right or left of the car from its neutral
position, picks up one or the other of these selector rods.

In neutral, both are held by a little spring-fed ball, which
fits into a small recess in the selector rod, or by some
equivalent device ; otherwise there would be a danger of

the sleeve moving by itself. A similar device is employed

Fig. 68.—The friction drive u.scd on the CI.W.K. car.

to prevent the gear coming out of engagement when it has

been engaged.

Obviously the detainer or catch employed for this pur-

pose can easily be overridden by pressure aj^plied to the

change-speed lever, but it is, on the other hand, sufficient

to keep the gear in engagement against its natural ten-

dency to come out of mesh when under power applica-

tion. Sometimes the gear lever will still jolt out of

engagement under exceptionally bad road conditions,

especially on old cars, though this difficulty is rarely en-

countered in modern cars.

Another type of gearing greatly favoured for light cars

on account of its simplicity is the frictional disc design.
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used in such cars as the G.W.K. and the Palladium. In

theory there is some loss of efficiency in such a trans-

mission, but in practice the device has shown that it is

quite suitable for light-weight cars, and it is certainly an

economical method of obtaining the different speeds.

There are two circular discs, one at right angles to the

other, as shown in the drawing of the general arrangement

of the gear, which is reproduced from a G.W.K. design.

It will be seen that the disc, which is mounted transversely

Fig. G9.—Tlie Palladium light car, wliich employs an air-cooled
engine and friction drive.

in the chassis, has a hollow boss in the centre, so that

the second disc can have a neutral position where it is not
driven. When the driven disc is moved to the position

shown for the first speed it is obvious that the maximum
gear reduction, previously described in an ordinary gear-

box, is obtained by frictional contact, the two discs being
held together by a powerful sprmg.

The driven disc is mounted to slide transversely across

the chassis on its shaft, so that four forward speeds are

easily obtained at suitalale ratios with a minimum of

expense and a maximum of simplicity. It will also be
gathered that if the driven disc is brought into contact
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with the other side of the driving disc, a reverse gear is

obtained, assuming that the driving disc rotates in a con-
stant direction.

^

Special gearing of the cpicyelic type is employed on the
Ford car. It is a curious fact that whilst the majority of
motor car makers at present use the sliding gear type of
gearbox, the numerical preponderance of the epieyelic
type is assured by the Ford car production alone. This

Fro. 70.—The mechanical details of a Ford gear unit.

particular construction is known as the differential type,

and it varies from the general design of epieyelic gearing

in that the drive from the engine is conveyed to the planet

pinion carrier pins, the sun wheels l^eing floating mem-
bers. Generally speaking, this type is neither so efficient

nor so quiet as the usual type, and if the Ford car were

not so very serviceable on the top gear it is possible that

the design would have been modified to conform to com-

mon practice.

It is probable that a quieter and more efficient two-
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speed and reverse gear of the differential type could be

designed by the makers of the Ford car without increasing

the manufacturing cost. The general arrangement of this

very compact design is shown in Fig. 70. The com-

ponent parts are also illustrated in Fig. 71. As is well

known, the control of the various gears on the Ford car is

obtained by two pedals and a lever, one pedal being for

the clutch, the other for the reverse, and the third for the

brake. The clutch pedal is interconnected with the

slow speed control.

There is no doubt that the epicyclic gearing on the

Fig. 71.—The component parts of a Ford gear assembly.

Ford car has contributed largely to its remarkable popu-

larity. A minimum of experience is needed in handling

the car ; most people can readily be taught to steer with

reasonable accuracy ; it is more difficult to teach them to

change speed properly with the usual design of gearbox,

but with the Ford it is only necessary to push a pedal, or

to move a lever, hence there is no doubt that this wonder-

ful simplicity is a very valuable feature.

Another example of the evolution of epicyclic gearing

is to be found in the gearbox fitted to the Avro car, which

is essentially an up-to-date production. This is of the com-
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pound differential gear type, and is designed on the bevel

pinion principle ; none the less it must be classed as epicyelic

gearing. Generally speaking, this method of building an
epicyelic gear has an advantage in that it reduces the

number of actual gear-wheels necessary to obtain the

different gear ratios. On the other hand, it is difficult

to obtain slow speed in the moving parts and, therefore,

the same efficiency and quietness in running as with a

properly designed spur type of gear. Broadly sj^eaking,

this gear, of which several types are under extensive tests,

is an adaptation of the Humpage gear, which is in common
use on lathes, capstan machines, and certain types of

electric gear.

The Avro gearbox provides three forward speeds and a

reverse, obtained, as indicated, from a series of bevel

pinions, all of which are constantly in mesh. The internal

mechanism consists, virtually, of a compound differential

gear, which comprises two equal-sized sun bevels. Each
sun has two distinct concentric rings of teeth, a small

inner and a larger outer ring, the two being connected by
planetary bevels allowing the large ring on one sun to be

in indirect mesh, through the pinions, with the large or

small ring on the other ; thus two different sj^eeds may be

obtained at will, in what is equivalent to the differential

spider. By holding the latter stationary, a reverse motion

is transmitted from the first to the second sun. Direct

speed is obtained by locking the whole mechanism together

so that it revolves bodily.

Each indirect ratio is obtained by locking one part of

the gearbox stationary by means of a band brake, which

is easily adjustable externally, the control for the forward

speeds being obtained by means of a single pedal working

in a gate mounted on the footboard ; a separate pedal

controls the reverse.

The epicyelic gear is coming into greater prominence,

the practical superiority of this type of gearing being fairly

obvious. The difficulty is to obtain a three- or four-speed

gear of the type which will provide the correct gear ratios
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for practical purposes, possess low velocities, and therefore

be efficient and silent. Such a gear cannot be obtained

with the simple epicyclic type, and to attain success it is

necessary to employ compound trains, the movements of

which are neither easy to understand nor to work out.

It is sometimes stated that the epicyclic type of gear

is complicated. Such a statement, even when true, will

hardly stand intelligent analysis. The complication diffi-

culty ends with the designer, for, when once the gear is

put together, it is simple to operate and, if well made,

should outlast the rest of

the car in service, no

matter how inexpert the

driver may be. It would

be equally reasonable to

suggest that a differential

gear is complicated. In

point of fact it is com-

plicated in detailed con-

struction, but when once

erected, it rarely de-

mands a further thought.

Most of the efficient

types of epicyclic gears

are based on the sun-and-

planet system, so called

because one gear-Avheel rotates around the other. The
astronomical simile is not strictly accurate, as the gears are

always in contact, while the sim and its planets are not. In
the more serviceable types, the astronomical simile is carried

further, for the gears are known as secondary suns, while

there arc also planets and satellites. In a simple train, there

is a sun wheel, two or three planets, together with the planet

carrier and an annulus, or internally-toothed ring. Such
a train is illustrated in the diagram. Fig 72.

Here the sun wheel is indicated at s, the planet wheels

at p, the carrier at c, and the annulus at a. In practical

application, the sun wheel s is frequently fixed positively

/



GEARBOXES 187

to the crank-shaft of the engine, and is therefore the driv-

ing element of the gear. The carrier c is fixed to the tail

shaft, and is conseqnently the driven member of the

gear ; it carries the planet wheels on pin bearings. The

annulus a is known as a floating member, and has a bear-

ing on an extension of the crank-shaft or on the carrier

sleeve, whichever is more convenient. When necessary,

a brake band can be applied to a to prevent its rotating.

The movement for the gear reduction, described more

explicitly under the details of the Lanchester low gear,

is quite simple. With the engine running, and the car

stationary, s revolves in a clockwise direction, and the

carrier c is at rest. The planets therefore revolve anti-

clockwise, and drive the

annulus in the same

direction. On applying a

band brake to a, to stop

its rotation, the planets

p still revolve, and must

therefore climb round in

the teeth of the annulus. Fig. 73.

The diagram shows that in

doing so they carry the carrier c forward, but at a reduced

speed.

Considering the question of the speed ratios in this

simple case, it is obvious that there must be a definite

gear ratio when the annulus is held ;
it is not clear, how-

ever, what the gear reduction is. The relationship of a

sun wheel and a planet wheel may be studied by the aid

of the diagram, Fig. 73.

s is a fixed- centre sun wheel, and r a planet carrier on

the carrier c, which links the centres of s and p together
;

both gears are presumed to be of the same size.

Now if the centres ss and pp are both stationary,

obviously if s turns once, clockwise, p will also revolve

once, anti-clockwise ; each turning on its own axis.

Assume now, however, tliat the centre ss is fixed, and

the centre pp fl^oating, pp itself being retained in position,

//'' "^
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radially only, by the arm c. A two-fold coincident move-

ment is now possible for the planet p—firstly, a revolution

on its own axis pp, and secondly, a translation (movement)

round the centre ss.

SujDpose s to be stationary, and the arm c, with the

planet p, moved bodily round the sun wheel s, then it is

obvious that p will make one revolution on its axis pp.

Now leave both the centres ss and pp stationary, and

revolve s once ; p will again make one revolution on its

own axis.

Imagine s to be rotated once, and at the same time p

to make one revolution round it in the same direction.

This is the sum of the movements. Although the point

pp has only made one revolution around the point ss, the

planet p has made two revolutions on its own axis pp.

This speed is an important factor in the sun-and-planet

type of gearing ; it only permits of a suitable ratio for

low gear.

If a large speed reduction is needed, the speed of the

planet on its own axis becomes too high, while efficiency

and silence demand low speeds. The various speed ratios

of the different members, and of the planets on their

axes, may all readily be obtained from formulae. The

working of the formulae, however, is never easy and with

double compound gears it is sometimes extremely difficult.

It is obviously necessary to work out the formulae, how-

ever, before making a gear, or passing a design, in order

to eliminate high speed movements.

The first diagram, Fig. 72, may be used to explain

the point. Here the sun wheel s is twice the size of the

planets p ; thirty teeth may be assumed for the former,

and fifteen for the latter planets p. The annulus a would

then obviously have sixty teeth. The carrier c is attached

to the tail shaft, and to get the low gear the annulus is

held still by a brake.

It is required to obtain, firstly, the speed of the carrier,

and therefore of the tail shaft, and, secondly, the speed of

the planet on its own axis. Assume the engine to be
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working at 1,000 r.p.m. The speed of the carrier is then
1,000 s , .

, , 1,000 30
^i— X -—I which equals—,— x ^^^-^z^ or 333 r.p.m., which^ A. s X oO — oO
is quite a suitable low gear ratio for a three-speed gear.

The revolutions on the planet, however, are not quite

so satisfactory. They are -'^ x ,
^^

,
which equals

1 (a-s)p ^

1,000 30 X 60 1,000 4

~l~ ^ (60^0)T5 °^ nr~ ^ 3
"" ^'^^^ r.p.m. It is evident,

therefore, that in getting a reduction to 33 per cent,

on the direct drive used on top gear, the speed of the planet

wheels in this simple train is increased by 33 per cent.

To obtain higher reductions with slower speeds of the

moving parts, compound gears are employed. By em-
ploying secondary planets, it is possible, under a recent in-

vention, to obtain a 66 per cent, ratio top speed, without

rotation of the secondary planets at all, the movement
being one of translation only. As epicyclic gear move-
ments are developed, so the chances of its coming into

general iise are improved. There is no doubt as to the

theoretical superiority of the gear, and in practice it is

exceedingly satisfactory.

Having described the elementary principles of the

epicyclic type of gearing, the consideration of one or two

of the leading practical applications of the principle may
be considered. A noted example of this principle is the

Lanchester gear, which has proved so highly efficient and

eminently satisfactory in use over a period of many years.

This gear provides three speeds forward and one reverse, and

the operation of the component sun-and-planet wheels may
be readily followed by the aid of the diagrams reproduced.

In Fig. 74- the sun wheel A is solidly connected to the

crank-shaft of the engine. There is a three-armed planet

wheel carrier which is indicated at b, the said carrier

supporting three planetary wheels c which are mounted on

suitable pin bearings. This planet carrier, or star member

as it is sometimes called, is indirectly connected to the

tail shaft.
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the sun wheel

standing still,

Outer clk"Ti^nf Ij'

br^kc drum ru

counter cloi

E

'3".

It is also seen that there is an outer element, known as

an annulus, or internally-toothed ring, which is marked

u. This has a loose bearing on the crank-shaft extension,

and is free to revolve independently of the crank-shaft

movement. Brake blocks e are provided, which can be

brought into contact with the outside face of the annulus,

as and when desired. These three elements form what
is known as the simple epicyclic train.

Assume the engine to be running clockwise, so that

A also runs clockwise ; while the car is

the pinion carrier b is also stationary.

Under such circum-

stances it is obvious

that A, running clock-

wise, will drive c anti-

clockwise, therefore the

annulus is also forced to

revolve anti-clockwise at

a speed proportionate

to the relationship

between the sun wheel

and itself.

If now, hoM^ever, the brake be applied to this annulus,
so that it is gradually brouglit to rest, it is obvious that
the planet carrier b must rotate forward. This movement
can easily be followed by taking a pencil and running its

point round and round one of the small planets c in an
anti-clockwise direction. Picture this planet driving the
annulus backwards, and then imagine the annulus to be
brought to rest by means of the brake drum. It is at once
obvious that the planet wheel commences to climb round
the teeth of the annulus, carrying its axis with it. This
carrier, however, as already described, is connected to the
tail shaft, so that the car is driven forward at a low speed.
The relationship in this ease can be obtained from the
simple formula previously given.

The action of the second, intermediate, or compound
gear as it is variously called, though a little more compli-

itxtroru^-ry with cap

Fig. 74.
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cated, is none the less quite simple. To make its action

clear it is advisable to hark back to the first speed again.

Assume the engine to be running at 1,000 r.p.m. It is

clear that when the annuhis is allowed to run backwards
freely, both the planet carrier b and the car remain sta-

tionary. When, however, the brake is applied to the

annulus, so arresting its rotation, the car gradually picks

up movement until, when the brake is tight, the propeller-

shaft speed is ith of the engine speed on the gear-wheel

proportions assumed.

Now referring to the diagram of a simple epicyclie train

on page 186, it is fairly obvious that there is a variable

speed between the moment when the brake first begins

to bite and when it is tightl_v home and the annulus

stopped from rotating. In practice this is equivalent to

the action of a perfectly-proportioned clutch, and the
" pick up " is gradual and gentle.

Taking the argimient a little farther, imagine the car

to be going along on this low gear, with the annulus held

stationar}', and the engine still running at 1,000 r.p.m.

If, now, the pressure on the brake shoes is released a little,

and the drum allowed to slip, obviously the speed of the

car will be reduced proportionately. Carry the argument

still farther, and again apply the brake so that the drum
is held stationary, and once again the full 200 r.p.m. is

obtained. If now, instead of allowing the brake drum to

slip backwards slightly, an extraneous source of power is

introduced which drives it slowly forwards, it is again

obvious that the original slow speed will be increased

proportionately. In point of fact this is exactly what

happens in the Lanehester gear. The methods of accom-

plishing the movement are as follows :

The diagram reproduced in Fig. 7.5 will make the de-

scription clearer. It is drawn purely for the purposes of

explanation, and is not intended to represent a practical

proposition. The low gear drum previously referred to

is attached to the star element of the compound gear f,

while the drum, known as the compound gear drum, is
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fixed to the centre clement of the sun pinion G, and the

transmission shaft j carries the outer element, annulus,

or internally-toothed ring h. In the diagram, the diameter

of the sun pinion a is greatly enlarged and, as drawn, in

the proportions indicated, would involve too high a speed

between itself and the planet wheels.

In reality the sun pinion g is approximately the same

size as the small sun pinion a previously referred to.

The simplest way of understanding this gear arrangement

is to imagine the sun pinion, which is mounted on the

crank-shaft extension, rotated at a given speed, and the

transmission shaft element rotated in the same direction

at some speed between

HjlJ jtitioairy

Fig. 75.

those of its low and

high speeds. As the

comjjound gear drum
(whose centre g is

stationary, being locked

by means of the friction

brakes) and the trans-

mission shaft are as-

sumed to be revolving

in a given direction,

it follows that the

star element f revolves
in the same direction but at a lower speed ; but as already
shown, this star element f is fixed to the low gear drum,
which is, therefore, revolving at a speed intermediate

between those at which it revolves when the low or high

speed gears are in use, and in the same direction. The
pecuharity of this gear is that the inter-action is obtained
from the driven element.

For the top speed it is only necessary to interlock two
otherwise independent members of the gear so that all

members become interlocked through their inter-relation-

ship, and the whole of the gear train, brake drums and
planet carriers, simply turns itself into a subsidiary fly-

wheel, with a perfect direct drive of substantially 100 per
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cent, efficiency ; this is one of the many outstanding good

features of the epieychc gear.

It is estimated tliat an average up-to-date car docs over

90 per cent, of its normal toiiring work on the top gear.

With the epieychc type of gearing, therefore, over 90

per cent, of the running hfe of the gear train involves no

wear or tear, and is of much liigher efficiency than the

normal type.

The question of the reverse is grasped when the other

movements are understood. The diagram, Fig. 76 shows

the reverse in action. It can be regarded as a simple

train of gears, with the third wheel internally toothed and

enclosing the others. The

iftvr .^Icracvir hold

nfnf

Fio. 76.

reverse drum k holds what

corresponds to the star

element in the other gears
;

in this case they are merely

idle pinions. These pinions

are in gear with the teeth on

a sun pinion mounted on

the crank-shaft extension,

and also with the ring l

which is attached to the

low gear pinion star, and thus to the transmission shaft.

On gripping the reverse drum, the crank-shaft and

sun pinion rotate in the same direction, thereby causing

the ring l, and consequently the transmission shaft,

to rotate in an opposite direction. The control gear

is ingeniously worked out, and is operated in a similar

manner to that of the ordinary type of gearbox, which is

by means of a clutch pedal and an ordinary gate lever.

The illustration. Fig. 77, shows the external appear-

ance of a gear unit. Drum one is the reversing gear,

drum two the low gear, drum tliree the second gear, and

drum four the driven element which carries three lugs on

its exterior (indicated by no. five). These, in turn, drive

the clutch box or outer element of the clutch, which is

itself in permanent connexion with the transmission gear.

13
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Fig. 77.—The external ap-

pearance of a Lanchester

gear assembly.

Fig. 78 .shows the arrangement of the brakes inside the

gearbox. When any brake adjustment is necessary it is

easily effected by turning a castellated nut on the exterior

of the box.

At the present time there is a sharp difference of opinion

in regard to the position of the

change-speed lever. There are

many European cars built on the

American principle of mounting

the lever in the centre of the car

between driver and passenger,

and directly on the top of the

gear-box. Considerable excep-

tion, however, is taken to this

practice by some drivers. The

main advantages of central con-

trol are: (a) It is sounder mechanical practice; (b) it is

more economical in manufacture ; and (c) it ensures

easy access to the driver's seat from the right-hand

door. All these are undoubtedly advantages, though
their value is

offset in several ^ -^ IZIZIZfV
ways. Ma.'t!44a»^>MBP3«*''*!!HBk \S

There are, for

example, the

following difficul-

ties : (a) It is not

practicable on

odd occasions to

accommodate a

third person in

the driver's seat.

(b) The majority

of people are un-

doubtedly right-handed, and many prefer to operate

the change-speed and brake levers with their right

hand. In this connexion it is very rare, if ever, that

a gear change is made on a sharp corner necessitating

Fie. 78.—The arrangement of the brakes inside

the Lanchester gearbox. They can all be

adjusted from the outside of the box.
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actual steering effort, so that when the gear lever is

mounted to tlie right of the car, the action of the left hand
is largely negative in character, (c) It is unsightly and
spoils the symmetry of the car. (rf) There is tlie danger

that a nervous passenger miglit grasp either the brake or

the change-speed lever in an emergency, (e) It is un-

safe for the driver and passenger conjointly to use a rug.

(/) In some cases tliere is danger of tearing or greasing the

clothing of a passenger. As a matter of strict fact, drivers

pay greater or less

attention to the
, ^^ s t,

alleged difficulties ^fcf if^

or conveniences of

this practice ac-

cording to their

personal inclina-

tions. Some motor-

ists, indeed, raise

no serious objec-

tions to the cen-

trally mounted
change-speed lever,

whilst others abso- Fig. 7fl.—The gear and brake levers on the

lutelv refuse to Austin " Twenty " car are mounted directly

consider a car so

equipped.

It is possible, however, to make some definite state-

ments in regard to the older method of mounting the

change-speed lever, t(j the driver's right hand—assuming,

of course, right-hand steering gear. In the first place,

then, it has long been proved practicable to make a thor-

oughly sound mechanical job on this principle, especially

when the gate is carried by an extension of the gearbox,

and is not directly connected to the main frame. Then

again, it is also quite practicable to arrange the levers so

that reasonably easy access to the driver's seat can be

obtained through the right-hand door. Consequently

two of the advantages of the centrally mounted cliange-

over the gearbox, and thus give central

control.
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speed lever can certainly be largely discounted. There

remains the question of economy. In this respect there

is no doubt that the centrally mounted lever has an advan-

tage. That point, however, cannot be a deciding factor

Fig. 80.—The central arrangement of the brake and gear levers on

the six-cylindered 1920 Napier car.

in some of the cars which have recently adopted the cen-

trally mounted change-speed lever, as their designers give

far more consideration to the question of the driver's com-

fort and convenience than to that of economy. In other

words, they install what they consider to be the best, not

the cheapest practice.
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At the present time many more cars have the levers

mounted on the right of the chassis tlian in the centre.

When one considers the matter from the view-point of the

continental driver, whose rule of the road is opposite to

the British, and many of whose cars have left-liand steer-

ing gear, the situation is rather different. In fact, this

was one of tlie chief reasons whicli led to the adoption of

Fig si.—The more orthodox disi>osition of the brake and gear levers to

tlie driver's right hand, as fitted on tlie Sizaire-Berwiel< car.

the idea in America, where the convenience (jf getting the

change-speed lever to tlie driver's right hand coincided

with economy. Naturally the idea soon gained ground,

though it is instructive to note that some American manu-

facturers of higher grade cars are now returnmg to right-

hand steering and right-hand control, whilst their cheaper

models are built wdth right- or left-hand steering, and cen-

tral control.

It is obvious, tiiercfore, that tlie question is an ojjcn
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one and largely a matter of personal opinion. The intend-

ing purchaser of a car who has doubts as to his or her

ability to use the left hand efficiently for gear changing

should take an opportunity of practically testing such a

car before making a purchase. Some people are so essen-

tially right-handed that they can do very little with the

left hand when it is not used in conjunction with the

right. Even motorists with many years' experience of

driving cars with central control never attain equal pro-

ficiency with the left hand for making neat changes under

difficult circumstances, such as at high speed on a hill.

When starting away from neutral, or for changes where

quickness and dexterity are not needed, it is a different

matter.



CHAPTER XI

THE THEORY AND PRACTICE OE GEAR
CHANGING

Though every motorist in practice makes gear changes,

comparatively few arc expert in the work. It must not
be assumed because a driver habitually makes a reason-

ably quiet change, that he is proficient in gear changing.

Admitting that the ability to make a quiet change is com-
mendable, it is also essential to be able to change gear

properly and with due regard for all the essential factors.

In this respect there is room for improvement with many
drivers. Incidentally, it may be remarked that the

average French or Italian driver is more proficient in gear

changing than the Britisher. It is not easy to assign a

reason for this fact, unless it is that the faster touring

conditions which obtain in those countries are responsible.

In order to make a good and well-timed gear change

it is advisable to have a clear general insight into the

theoretical conditions, and their relationship to practical

operation. It is not, of course, essential ; some drivers

are quite proficient in this respect, though ignorant of the

methods by which their results are achieved. It must be

admitted, also, that the ease or difficulty of gear changing

varies with the make of car and also the type of clutch

used, especially the latter. Nevertheless, even with cars

on which gear changing is difficult, it is still possible to

operate the gears in a thoroughly efficient manner at the

cost of a little intelligent practice.

The chief defect in the gear changiiig of the average

driver is the tendency to " hang on " to the top gear too

long when climbing a hill ; though it is considered easier

to go from first to secfjnd, or second to third speed at

190
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comparatively slow road speeds, it is no more difficult to

get from top to third speed, with the engine revolving at

1,500 r.p.ni., than it is when the engine has slowed down

to a point at which a gear change is absolutely necessary

in order to continue the climb. In fact on many cars it is

easier to make the change at the high than at the low

speed. This point should be understood. Experts are

agreed that the fear of changing from top, at high engine

speeds, is a trait difficult to eradicate in the average

motorist ; therefore, in order to become proficient in gear

changing, it is advisable that the novice driver should

grasp the theory of the various movements which the

changes entail.

It will be remembered that the two gears b and h
in the diagram of a gearbox, Fig. 66, at the beginning of

the previous chapter are the constant mesh pinions, so

that, however the coupling a is employed, they follow

suit, though of course the speeds are proportionate to

the numbers of the teeth in the respective gear-wheels.

Whatever the position of the change-speed lever, whether

in neutral or any gear, these pinions remain in mesh,

and so long as the clutch is not withdrawn they revolve,

assuming, of course, that the engine is running.

In the same diagram the gearbox is shown with the

gears in the neutral position ; the method in which they

are moved into engagement to obtain the different speeds

lias already been explained. How to engage them
silently, irrespecti^'e of the speed of tlie car or the engine,

may now be considered. The main bearing of the shaft

c, to the left, has a loose bearing inside the gear-

wheel B, so that the gear b may revolve whilst the shaft c

remains stationary—for example when the engine is

running with the clutch in and the car standing still. This

division of the primary shaft is conmionly referred to as

the spigot bearing. It is shown as a plain bushed bearing,

though occasionally ball or roller bearings are used.

Obviously it only comes into operation in the indirect

gears, and is idle on top speed or direct drive.
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The change from the free engine position to first gear
is not difficult to understand. Previously it has been
explained that this gear is the one which provides the
biggest leverage to the tail shaft, and it was assumed
that the gear-wheel b has twenty teeth, and the other

constant mesh pinion wheel h forty teeth, which gives a
two-to-one advantage. On the layshaft G, then, is the

smallest gear-wheel, m, and on the primary shaft c is the

largest, j. When the latter is brought into engagement
with the former, the drive from the engine to the tail

shaft gives the maximvuii increased leverage, or torque

effort, which the gearbox provides.

This movement is comparatively simple. Obviously

the first step to take is to withdraw the clutch so that

the constant mesh pinions come to rest, and then, as the

car is stationary, and the wheels j and m are also

stationary, it is easy to move the former into engagement
with the latter. All that remains to be done is to engage

the clutch gently when that train of gearing comes into

operation ; that is to saj^ wheel b drix-es h, and m, being

solidly attached to ii, therefore drives wheel j. Wheel j,

however, is carried on a series of serrations which key it

to the shaft c, so that this shaft is revolved at slow speed

in comparison with the initial drive entering the gearbox

at flange a. It should be noted that the spigot bearing

is now in operation.

In changing from low gear into second, it is obvious,

from what has been said, that in addition to the constant

mesh pinions, the wheels concerned will be respectively o

on the layshaft and n on the primary shaft (see Fig. 66).

The new movement therefore is of a two-fold character.

It is necessary first of all to disengage m and j, and, hav-

ing done so, to engage o and n. As already explained, the

lateral movement of J and n is controlled by the change-

speed lever operating by means of a yoke on the sleeve

extension K. If an attempt be made to push this low

speed gear out of engagement whilst the clutch is in, a

serious strain would be imposed on the change-speed
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lever, for the pressure between the teeth would resist such

action. For this reason the clutch must first of all be

withdrawn so that the engine is disconnected from the

gears, when the sliding movement can be readily made.

It is necessary to bear in mind that the momentum works

for\vard, so that the flange f is momentarily the driving

member of the gearbox. Obviously, then, when N is

brought into engagement with o, it is necessary to make

the movement while the speeds of the two gear-wheels are

approximately equal. The leverage of this second speed,

at the tail shaft, though considerable, is not so great as

that of the slow speed. Consequently, for a given car

speed of, say, 10 miles an hour, the engine revolves more

slowly oil second gear than on the low. It is essential

for this reason to pause for a moment in the neutral posi-

tion before bringing n into engagement with o so that the

speed of o may be reduced slightly.

In this respect it is fortunate that mechanical needs

and theoretical considerations coincide with the usual

practice. In other words, the driver naturally pauses

momentarily in passing through the neutral position. A
faulty change would occur if the change-speed lever were

mo\fed quickly from low to second or left too long in the

neutral position. The length of the pause necessary to

make a quiet change depends on the speed of the car and

the road conditions at the time. For instance, if the engine

be accelerated up to maximum speed on low gear on a level

road, it would be necessary to make an appreciable pause

in the neutral position before engaging the second speed.

To engage the third speed, similar movements are neces-

sary, similar conditions obtaining. The next stepped

wheel K, on the layshaft G, and its corresponding member
p, on the primary shaft c, are the gears concerned. First

of all, the second speed is withdrawn and left in the neutral

position ; the change-speed lever is then moved through

to the other side of the gate, and in doing so picks up the

selector rod which operates on the sleeve extension.

In this cliange it is generally found that a slightly longer
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pause is requisite, and ordinarily the fact of being com-
pelled to pull the lever through the gate is sufficient to

ensure it. On the top speed, or direct drive, the engine
speed and gear reduction in the back axle are so arranged
that the drive can pass straight through the gearbox at

engine speed. Consequently, instead of having another
gear-wheel on the layshaft g, to engage with a further

one on the primary shaft c, there is a dog clutch on b.

It may be noted that the gear-wheel p has correspond-

ing dogs cut inside it, so that when it is moved to the left

the jaws on the constant mesh pinion b come into engage-

ment with the corresponding jaws cut inside the gear-

wheel p. It should be remembered that the gear-wheel

p is mounted on keyways on the primary shaft c, so that

when this dog clutch is engaged the spigot bearing

ceases to operate, the whole shaft from a to f revolving as

a solid vmit. The layshaft g is also revolving idly, and
in some cases special apparatus is provided in order to

throw it out of engagement.

The gear ratios used in different gearboxes \-ary some-

what, hence the pauses necessary in passing from one to

another will vary accordingly. Naturally they will also

vary with the road conditions, for the latter have an

obvious influence on the speed at which the primary shaft

is revolved by the tail shaft, owing to the progress of the

car. Generally speaking, however, the pause is progres-

sive. For example, it is usually necessary to make a little

longer pause when going from third to top speed, than

when going from second to third speed. The gear ratios

of a certain very popular car with a four-speed gearbox,

are as follows : the figures represent a happy blend of

practice and theory, with fractions omitted for the sake

of simplicity.

Engine at 1,000 r.p.tn.

1st speed

2nd speed

3rd speed

4th speed

Reverse

280 r.ii.m.

440 r.p.m.

665 r.p.ni.

1,000 r.p,m,

25.5 r,p,m.
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The proper way of changing gear downwards, and also

the method in which one or two trick gear changes which

are frequently very useful in practice are made, are of

interest. The theory of gear changing to a higher ratio

has already been described. It is an operation which, in

practice, calls for no abnormal amount of skill, for to a

considerable extent the pauses necessary when moving

Fig. S2.—The upper part of the Au-stin gearbox detached, showing the

constructional details. Note, also, the flange at the forward end.

which bolts up to the engine to give a compact unit construction of

engine, clutch, and gearbox.

from a low gear to the next higher one are enforced by
the mechanism of the car.

Well-designed cars are so constructed that what may
be termed a normal speed of change-speed lever movement
is quite effective in making the change. Even now, how-
ever, there are still many cars in which, owing to the

weight of the clutch elements, or to the defective action

of the clutch stop, the personal element enters largely

into gear changing. Generally speaking, with a heavy or
" sticky " clutch (multiple-disc clutches may become
sticky if their proper lubrication is not attended to) the



THEORY AND FHACTKE OF GEAR CHANGIXC; -iOS

necessary pause is greater. Similarly, if the clutch stop

is active, the pause will he rather less.

There is one other point relative to changing up which
may be dealt with before tackling the more difficult down-
ward gear changes. Should a change be missed from
any cause, it is necessary to accelerate the engine with the

clutch in to move into the required gear. This is done
with the object of speeding up the engine until it coincides

with the speed at which the car would be moving with the

required gear actually engaged. If the engine is acceler-

ated to approximately this speed, then the gear can be

successfully engaged. It is a sound policy always to

change gear upwards on a " rising engine note."

The note made by the engine raises the air wave velocity,

as the speed increases, so that the " hum " of the engine

attains a higher pitch. A change upwards should always

be made during the progress of this rise in tone, for by
waiting until the " top note" is reached, the gear change

becomes more difficult.

The real gear changing difficulties are likely to begin

when it is necessary to change down. The construction

of up-to-date cars is so much improved that even in this

respect little difficulty is encountered on most of the better

cars. A little consideration and study of the diagrams

wall show that the conditions are now the reverse of those

obtaining when changing up. Instead of waiting for the

layshaft g to slow down in order to get the periphery speeds

of the respective gear-wheels approximately equal, it is

now necessary to accelerate the speed of the layshaft.

There are two principal methods by which this can be

done, known respectively as the slipping clutch method

and double de-clutching. In latter years the construction

of gearboxes and clutches has materially improved, so

that on a number of ears it is now practicable to make a

thoroughly good change downwards by the slipping clutch

method. A few years ago it was exceptional to meet

with a car on which the method could be employed. As

this method is very nuich simpler than double de-elutching,
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it may be considered first. On the other hand, double

de-clutching has the advantage that it may be effected

successfully on practically any car, and when once the

skill or experience has been acquired, the change down

is performed automatically.

Let us presume that the car is traveUing at about 30

miles an hour, and that a hill is encountered which cannot

be taken on the direct drive if the speed is to be main-

tained. It is assumed, also, that the maximum speed of

the car is 45 m.p.h. so that the imaginary 30 m.p.h. is

well within its capacity. Under such circumstances,

although the engine would not be able to maintain an

average speed of 30

m.p.h. up the hill on

top gear, it might be

able to climb it on

that gear with an

effort, and a reduction

f)f speed equal to

15-18 m.p.h.

It is desired, how-

ever, to maintain the

30 m.p.h. speed by

means of changing

down to third speed at the proper time, so as to allow

the engine to pick up and bring some of its reserve

power into use. So soon as the speed begins to drop

below the 30 m.p.h. mark, with the engine acceler-

ated to the full throttle position on top, the following

procedure becomes necessary. First of all a gentle pres-

sure is applied to the clutch pedal, and at the same time

a light pressure is applied to the change-speed lever to move
it in the direction of the third speed position ; compara-

tively light pressure is all that need be put on the change-

speed lever. The pressure of the foot on the clutch is

increased so that the change-speed lever can be moved
out of engagement without undue pressure by the hand.

When the change-speed lever is in neutral position the

Fig. 83.—A plan view of the foiir-sp?ed

gearbox used on the Vauxhall ear.
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engine, being relieved of any resistance to its power out-

put, will accelerate, thus increasing the speed of the lay-

shaft, which is precisely what is required. Consequently,

therefore, the change-speed lever can then come into the

third speed position,when the clutch is let in fully again,

so that the engine at once picks up the drive at its highest

speed. The movement takes longer to describe than to

perform, but when skilfully executed is both silent and
speedy. It is obvious that this method of gear change

involves a nominal amount of wear on the clutch, and
also a little strain on the change-speed mechanism. In

practice, however, when the movement is skilfully effected,

these defects are more imaginary than real. When driv-

ing a strange car the slipping clutch method may be tried

first, and in most up-to-date vehicles it can be quite suc-

cessfully employed.

There is a more intricate method of obtaining the same

result which has the advantage of being more generally

successful, and also of eliminating the theoretical defects

of the slipping clutch method. It must be admitted that

the method is more easily performed than described. In

actual practice, however, familiarity with the movements

is soon acquired. There are five distinct movements to

be made. (1) The clutch is withdrawn and the accelerator

pedal released so that the engine slows down. (2) The

gear lever is moved to the neutral position. (3) The

clutch is let in and the engine accelerated by a quick

depression of the pedal, thus speeding up the layshaft.

(4) The clutch is again withdrawn and the lower speed

engaged. (5) The clutch is again let in and the engine

accelerated in the usual way. Actually, very little time

is expended in the different movements, for the complete

change may be effected in about one and a half seconds.

The best way for a novice to master this method of gear

changing is to start by going through the movements

slowly, sitting in the driver's seat, but without the engine

running. It will be found that the movements, which

require some concentration at first, are soon performed
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almost automatically. After some practice of this kind

the changes may be attempted under simple road con-

ditions. An easy gradient, where a change is not actually

essential, and at a comparatively slow car speed, of about

15 m.p.h., offers the best opportunity for practice. From

this point successful gear changing is purely a matter of

further practice, and it will soon be found equally easy

to make the change from top to third at 30 or 40 m.p.h.

as under any other conditions.

The theory underlying the successful manipulation of

one or two trick changes may be considered. Frequently

a long, gentle hill is encountered down which the car

would coast easily if the gear lever were placed in neutral.

Most drivers hesitate to disengage the gear, preferring

the strain of depressing the clutch pedal while coasting.

This practice is quite unnecessary, for the gear lever can

be moved into neutral, and the gear engaged again at the

bottom of the hill without any undue difficulty, if the

driver has a good idea of the mechanism of the gearbox.

The whole thing is simple enough. A glance at the dia-

gram of the gearbox shows that when the gear is in the

neutral position, and the car is travelling at considerable

speed with the engine only " ticking round," the primary

shaft c will be driven at the same speed as the tail shaft

of the car, whilst the layshaft G is only running round

slowly at half the speed of the engine, assuming the con-

stant mesh pinions to have twenty and forty teeth re-

spectively.

The tail shaft, and therefore the primary shaft, may
be doing, say, 1,000 r.p.m. ; and, should the engine only be

ticking round at 200 r.p.m., then the secondary shaft

would only be running 100 r.p.m. Obviously, then, under

such conditions the top speed dog clutch cannot be engaged

without serious trouble. There are two alternatives.

The first is to wait until the speed of the car, a:nd therefore

of the tail shaft, slows down to the right ratio, or to

accelerate the engine so that the two members constitut-

ing the top speed dog clutch are running at approximately
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the same speed. As this latter result can readily be
obtained by simply depressing the aceelerator pedal, it is

obviously the better method to adopt, though only the
experienced driver knows by the hum of the engine when
its speed is correct for effecting the change. If the clutch
be taken out before engaging the top gear a considerable
margin of error is permissible without causing any trouble.

It is not diflicult to make this change successfully, but
the initial attempts should be made at slow speeds and
preferably on a level road. Practice ensures perfection,

but each car varies

a little, so that the

Vjest results are

obtained when the

driver is familiar

with the actual

mechanism. Prac-

tice and theory

sometimes appear

to be strangel}' at

variance. This is

exemplified in the Fig. 84

re-engas;ino- of the

top speed from the

An outer view of a sturdy gearboK

used on a well-known 1920 car. Note the

filling provision at the wide, and the two
bearings hy which the box is suspended on

neutral position cross-inembers anchored on the main frame.

whilst the car is in

motion. In theory, to re-engage the top gear witlK)ut

de-clutching demands similar speed of revolution on

the part of the two dog clutches. In practice, however,

the top gear may be re-engaged without de-clutching

;

frequently, indeed, it is easier to accomplish the move-

ment silently this way than by de-clutching. At the

sametimeit is hardly possil^letliat any dri^-cr^s judgment of

the coincidence of car speeds can Idc absolutely accurate.

None the less, the fact remains that on many cars this

manoeuvre can be successfully accomplished, and regularly

accomi^lished, smoothly and silently. This change also

should be tried at comparatively slow speeds, as it is easier

14
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to gauge the sound of the engine under such circumstances ;

only a gentle pressure on the change-speed lever is necessary.

Having mastered the theory of the different gear ratios

in the gearbox, it will easily be understood that if on the

low gear a given power output from the engine enables

the driving wheels to exercise a greater force, then, if the

movement is reversed and the driving wheels are allowed

to turn the engine, a considerable resistance will be

encountered. A big reduction in gear from the engine

to the back axle must obviously, when reversed, be a big

gear up from the back axle to the engine. It is, therefore,

much harder for the car to turn the engine on the low

gear than on the top ; so hard is it, in fact, that the low

gear may be used as an excellent supplementary brake.

If, for example, on a very steep winding hill the low gear

be engaged, it will be found that very little assistance is

required from either of the brakes, which are thus not so

liable to over-heat. To engage a low gear from top it is

necessary to change into neutral and to accelerate the

engine till its speed coincides with the driver's estimated

speed of the car after making the change. To change

from top to a low gear on a down grade, with the object

of using the low gear as a brake medium, it is necessary

firsth' to slow down the car to a speed well within the

range of the low gear, for obviously the change cannot be

made while the ear speed is greater than would be the

case if the low gear were already engaged.

There are points for and against the use of the engine

as a braking medimn ; but where there is any doubt as to

the ability of the brakes to control the car efficiently,

there should be no hesitation in engaging one of the lower

gears. Drivers who have adopted the practice for mairy

years find that the objections to it are more imaginary

than real. It is preferable to disengage the clutch at the

end of the descent and to switch on the engine at the

same moment, presuming of course that the ignition was
cut off after engaging the low gear ; by doing so all jar

in picking up road speed is avoided.



CHAPTER XII

CLUTCHES

Although clutches have been in use from the earhest

days of machinery, for connecting and disconnecting

shafting, it is only during the last twenty-five years that

much attention has been devoted to their design and con-

struction.

As long as the steam engine held the field as a prime

mover, its characteristic flexibility enabled considerable

variations in resistance to be easily obtained by taking

advantage of the expansive properties of steam. At the same

time, the problem of starting and stopping all machinery

actuated by a steam engine was effected readily and with-

out shock by merely opening and closing a valve. The

motor vehicle, however, presented a more difficult prob-

lem, not only because the internal combustion engine which

was employed with it was not flexible like the steam

engine, but also because a considerable range of effort

was called for according as the load and the slope of

the road surface varied and also as variation of speed

was required. Thus some form of change-speed gear

became absolutely necessary. The use of belting with

pulleys of different sizes was tried by many automobile

pioneers, but was soon discarded as quite unsuitable.

Tooth gearing thus came to be recognized as an essential

feature of the self-propelled vehicle for obtaining the

required variation of power and speed ratio, and, indeed,

as the only practical method by which the peculiar diffi-

culties encountered in the employment of the motor car

could be overcome.

The use of a clutch, capable of being engaged as gradu-

al!
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ally as required, was thus unavoidable, and the good

behaviour of the elutch was found to be as necessary to

the satisfactory operation of the motor vehicle as that of

the engine, gearbox, or even of the wheels and tyres.

Now the recognition of any want in engineering may
always be said to be represented by the activity of inven-

tors, and may be tested by the records of the Patent

Office. After the date of the abolition of the " Red

Flag," when motoring in this country really began, that

is, about the year 1896, the new patents for clutches

appUed for each year rapidly mounted up during the

first few years, reaching a total of more than 200 in 1903-4,

and the average of clutch patents has been more than

50 per annum from 1896 to the present time.

It took some years for the numbers of patents per

annum to reach a maximum, the reason lacing that diffi-

culties of the engine itself, the variable speed gear, and the

tyres largely absorbed the attention of the designers. As

a matter of fact, whereas a motor vehicle will not work

at all with a serious defect in the engine or tyres, the

undue slipping of a clutch or its fierce action, however

annoying, rarely prevents the motorist reaching his

destination.

Graduall}^ however, as the demands of the motorist

became more exacting, the attention of the designer was

turned to the clutch, and in recent years nearly 2,000

patents for clutches, chiefly for automobiles, have been

applied for.

It is obvious that it is impossible in this chapter to

attempt an account of all the clutches which have been

devised. It is, however, necessary to give a comprehen-

sive idea of the esseiitial features of the numerous clutches

in practice, dealing rather with tj'pes than with matters

of detail, particularly as nearly every different kind of

car shows slight modifications of sucli details.

The word " elutch" is unfortunately used by the engineer

for two different kinds of appliance. In one ease what is

called the " claw clutch" cannot, or at any rate ought
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not to, be pvit into operation to connect two shafts unless

they are both at rest, or l)oth moving at exactly the same
speed. This is not tlie appliance which the motorist has

in his mind when he uses the word " clutch," for the

essential and vital requirement of a motor car's clutch

is that Avhen tlie engine is running at any speed gradual

engagement can be made with the transmission shaft as

soon as the desired pair of gear-wheels have been put in

mesh with each other. The clutch must also hold when
locked, and yet be capable of immediate release. Hence,

it may be said that the essential requisites of the motor

car clutch are :

(1) Smooth engagement by means of a certain amount

of slip.

(2) Absokitc lock when engaged.

(3) Immediate and complete disengagement.

Every clutch consists of two primary parts, one being

attached to the driving shaft, and the other to the follow-

ing or driven shaft ; these two have to be connected by

interposing some resisting medium. There arc only a

few kinds of s\ich resisting media available by which a shaft

in motion can ))e connected without shock with another

shaft, either at rest or moving at a different velocity. At

present the only practical ones are:

(1) Frictional contact.

(2) Magnetic attraction.

(3) Hydraulic resistance.

Pneumatic effect has been tried, but it cannot be seriously

considered as a practical proposition. Of the above

three means of interposing resistance, the first mentioned,

viz. friction, has proved by far the simplest and most

elfective, and is at present adopted to such an extent that

the term '-clutch" has, with the motorist, come to be

almost synonymous with tliat of a " friction clutch."

For tliis reason details concerning the friction clutch, its

construction, operation, and defects, occupy the greater

part of the present chaj^tcr : at the same time, a good

deal oi' thought is being given to the possil)le alternatives
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to a friction clutch, and of one of these, viz. the hydrauhe

clutch, many examples have been constructed and tried,

but until quite recently without much success.

It is necessary here to draw attention to a common
misuse of both terms " magnetic " and " hydraulic " as

applied to clutches. The only correct use of these terms

is when the medium for transmitting force is respectively

magnetic or hydraulic. When magnetism or liquid effect

is merely employed for the purpose of operating or con-

trolling a friction clutch, the clutch itself should be re-

spectively described in these cases as a " magnetically "

or " hydraulically " operated or controlled friction clutch.

There are many magnetically and hydraulically con-

trolled friction clutches in engineering practice, but none

in general use on motor cars ; and the mechanically

operated friction clutch practically holds the field.

The operation of the friction clutch is verj' simple.

When two surfaces are pressed together, it is well known
that there is resistance to the slipping of thesfe surfaces

over each other. When the surfaces are dry this resist-

ance increases as the pressure increases, and by employ-

ing suitable means to produce enough pressure, the

driving resistance between two friction surfaces can be

increased to any required extent.

When, instead of being dry, the friction surfaces are

lubricated, as is very often the case, the above simple law

no longer holds. The lubrication of the friction surfaces

of a clutch is arranged for two reasons, the first being to

prevent fierce engagement, and the second "seizing ' or

abrasion of the two surfaces by interlocking of the particles

when brought together to transmit the driving force.

Now the laws and physical facts relating to the resist-

ance caused by the viscosity of an interposed fluid between
the surfaces differ entirely from those of friction, and in

view of the great importance of friction clutches it is

necessary for both the user as well as the designer of a

clutch to have some idea of what recent research has

taiight about these matters.
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A few years ago it was generally believed that the

frictional resistance was due to the mechanical opposi-

tion of projecting particles on one surface against those

projecting on the other surface. This view was sup-

ported by the fact that, as the surfaces were worn down
and became smooth, more pressure was required to obtain

the same frictional resistance. This was thought to indi-

cate that as the projecting lumps were knocked off, or

worn down, there were fewer of them to oppose the relative

motion of each other after the manner of projecting teeth.

This may be true of the resistance with rough and abrasive

surfaces, such as two bricks, or even two fibrous materials

of which the particles can interlock ; but it is quite in-

adequate to explain what happens when either two

polished metal surfaces are opposed, or a highly polished

metal surface is in contact with leather or textile material.

The view now held by physicists is that the resistance

is really caused by molecular attraction of the particles in

contact. When two dry surfaces are in contact it is

obvious that the harder they are pressed together the

more particles are brought within the range of molecular

attraction, which distance, called " the radius of mole-

cular action," is somewhere in the order of the fiftieth

part of one-millionth of an inch. It is therefore obvious

that when a lubricant is interposed this molecular attrac-

tion is impossible between the surfaces of the solid bodies,

while amongst the particles of fluid there is little power

to resist relative displacement ; but gradually, as the

lubricant is squeezed off by pressure, more and more sohd

particles are brought within the range of effective attrac-

tion.

A high-power microscope shows even the smoothest

surface of a metal to be always so broken up as to be

capable of holding a sufficient lubricant and thus to cause

the resistance due to engagement by attraction being a

gradual process. When the lubricant is entirely rubbed

off or removed by the heat generated by friction, the

locking of the particles in contact occurs, and " seizing"
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of the surfaces may take place. The locking of particles

in such a way causes the surfaces to become practically

welded together. This rarely takes place over the whole

surface, but only at a number of points ; the result of

this welding is the practical destruction for the time being

of the clutch, since the parts can only be separated with

difficulty, and when they are separated disclose abraded

surfaces on each portion of the clutch, which if the clutcli

were used in this state would readily seize together again.

Thus there are two conditions of locking : one, the

normal or ordinary one, when the proper engagement of

the clutch takes place, and the attraction of the particles,

while sufficient to attain the object in view, is not sufficient

to " seize " together the two surfaces in contact ; the

other is the destructive effect which should never occur

with suitable surfaces and reasonable care, and need not be

dealt with further, although it is a contingency which

must always be borne in mind both by the designer and

user of the clutch.

The nature of the interlocking of the particles which

constitutes clutch engagement, and which should always

take place when the clutch is engaged, after the necessary

period of slipping friction during engagement has occurred,

deserves careful consideration.

It has previously been stated that the resistance to

slipping of one dry surface over another surface, also dry,

increases directly as the pressure between them. This is

expressed by symbols in a very simple manner in the

following way :

If P= pressure, per unit area between the surfaces, and
F = the force resisting their slipping over each other,

then the ratio of F to P is a constant, called the " co-

efficient of friction "
; and the relation is written :

F
Coefficient of friction = fx =-

The value of this coefficient for dry surfaces varies from
1 to 0-35, so that a pressure required to press the fiat
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surfaces together would be from 10 times to 3 times the

driving resistance a\'ailable at their effective centre of area

.

As will be shown in the designs of clutches, the difference

of type in clutches is chiefly in the matter of the devices

employed to give sufficient driving force for an average

effort on the foot pedal of something like 30 lbs.

Now what is not generally appreciated, and what as a

matter of fact is a serious defect in the friction clutch, is that

the above law is only true as long as the surfaces are actually

moving over each other up to the moment of actual

engagement. The moment the surfaces become locked

together by attraction (even Avithout the actual coherence

of particles) the relation of P to F changes, and for a

certain time after locking continues to increase. This is

not difficult to understand, as, in view of the countless

millions of particles which are now known to exist, even

on a very minute area, the surfaces resting together under

pressure give when at rest the opportunity of an ever

increasing number of these innumerable particles to come

within the radius of attraction to each other, although

they may not be sufficiently clean actually to cohere.

The result of this is that a cuiisiderably greater force may

be required to make the clutch slip after it is once engaged

than at the moment of engagement. Even with fabric linings

of a clutch the increased resistance may amount to from

30 to 40 per cent., while in the case of metal surfaces the

increase may be 100 per cent.

It would save confusion if two different words were

used for the two above conditions. Many years ago the

writer suggested the use of the word " stiction " for locking

resistance, and this word has since been frequently used

to express this condition. The word " friction " can thus

be retained to express slipping resistance only. If this

were done the coefficient of friction would have a definite

and fixed value for two given surfaces in the dry condi-

tion, and the "coefficient of stiction" Avould be under-

stood to mean what is sometimes called tlie " eoeflicient

pr picking up the load from rest."
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The foregoing remarks will explain the uncertain action

of the friction clutch, not only when lubrication is used,

but even with dry surfaces , it also explains the trouble

that this simple apphance may give in the hands of a

careless or inexperienced driver. The most important

feature of the friction clutch is, however, associated with

the necessary slipping of the surfaces as engagement is

made. Thus the real problems which face the designer

of such a clutch are not only (a) how to arrange and form

the surfaces of contact so as to get the mosi effective

engagement, and (b) the means of operating or controlling

such engagement, but (c) how to secure the best possible

surfaces of contact.

The abrading property of one metal upon another when

dry, which has been already alluded to, accounts for the

fact that in spite of the uncertain effect of lubricating such

surfaces in a clutch it is not usual for metals to be em-

ployed in a clutch in a dry state for engagement with

each other ; even when a non-metallic surface, such as

leather, is employed, it was until recently a common
thing to use a certain amount of lubricating liquid in the

form of oil, in order to promote easy engagement and pre-

vent the rapid wear of the two surfaces in contact. Modern

fabric materials have been the means of changing niotor

clutch practice, as it has been found that such fabric can

be used entirely dry.

Until a few years ago, the only kind of material other

than metal which was used for the working surfaces of

friction clutches was leather, so that articles and treatises

on clutches usually devoted considerable space to the

preparation and treatment of leather, and the precautions

to be taken with its use. During the last few years a

great advance has been made in woven fabrics of various

kinds for this purpose. A step forward took place by the

employment of asbestos, which, as is well known, is an

extraordinary mineral (taking its name from the Greek

word meaning " unconsumable " ) found to a large extent

in Europe, North America, and New South Wales, It is
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a crystalline fibrous texture having a silky lustre, and
can be woven into fabric which is practically unaffected

by heat up to temperatures at which even the metal of the
clutch itself breaks down. The fibre, however, is very
short, so a great step forward was taken by Mr. Herbert
Frood when he introduced " bonded asbestos." This sub-

stance consists of asbestos yarn spun with thin brass

wire, and can be woven into strips or sheets of any re-

quired width or thickness. After being woven it is

treated by chemical process, and then formed into suit-

able rings. A further step was made when it was found

how to form this material, in a plastic condition, in metal

moulds, and to consolidate it under heat and pressure, in

which case it was found unnecessary to employ brass

wire, the resulting material being of great strength and
hardness, and apparently little affected by the presence

of grease or oil. It gives a nearly constant and high co-

efficient of friction at starting speeds of from 300 to 1,500

revolutions of the clutch per minute.

The introduction of this kind of material has undoubtedly

effected a great change in the recent practice of motor

car clutches, as it is found that, unlike leather, this material

is capable of being heated until it reaches a high tempera-

ture : even then, although the metal around it may be

almost approaching a red heat, the fabric surface only

appears to be blackened without burning up the entire

body of the fabric as in the case of leather. Some space

has been devoted to this subject because a true under-

standing of the whole question of the friction clutch can

only be attained by realizing that it is the surfaces which

are all-important ; and having secured satisfactory sur-

faces for contact, the problem becomes one of mechanical

design, to which attention must now be turned.

Principles of Design

The chief types of motor car clutches are shown dia-

grammatically in Fig. 85. In each case the driving shaft

is shown with its attachment in cross section lines, whereas
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the follower or driven shaft together with the operating

portions are shown in black. The arrows on the diagram

indicate the direction in which engagement of the working

surfaces is made.

Some leading features of each of these clutches, and

the mode in which they are operated, will be described

separately, but there is one thing common to all, which

is that whilst pressure between the surfaces is always

Fig. 85.—Types of Friction Clutches.

A. ExturiKil corif.

B. Internal com'.
C. Sini.'le i)late.

D. .Multiple plate.

E. Hele-Shaw platen

y. E.xpaudiDg rilll.^

released by means of a pedal of some kind, the surfaces

are kept in contact by one or more springs. During dis-

engagement the pressure of the revolving part against the
pedal lever is generally unavoidable, although frequently
reduced by thrust ball bearing contact, as at O in Fig. 95.

It is, however, a vital condition of efliciency that when
the clutch is engaged, and the pedal released, there shall be
no surfaces ivith relative motion in contact under pressure.

A glance at the six diagrams in Fig. 85 will show that
the chief variations of motor car clutches now in use
have reference to the form of the pressure surfaces in
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contact and the manner in which the necessary pressure

between them is obtained. The obvious purpose in view
in each of these cases is to secure means of fulfilhng two
requirements, namely, (1) a sufficient amount of bearing

surface, so that the faces in contact will not be too rapidly

worn awaj'—that is to say, to avoid too great an intensity

of pressure per unit area ; and (2) to get frictional re-

sistance sufficient for the required transmitting force.

Looking at the diagrams a and b (Fig. 85), it will be

seen that these requirements are secured by employing
the principle of the wedge, under the guise of outer and
inner cone surfaces.

c is the well-known single-plate clutch, the necessary

pressure being secured by an ingenious form of lever.

D and E both depend on the principle discovered by
Weston about half a century ago (1863) in which the

effect of the single-plate clutch is multiplied by a number
of plates, and thereby direct pressure becomes sufficient

to obtain the driving force, the action of a lever being

obviated.

F belongs to an entirely different class of clutch, in

which either bands or segments are expanded by means

of toggle joints, so as to obtain the necessary grip together

with sufficient area of surface. Clutches of this type have

also been employed in which, instead of what may be

called the expanding clutch, a contracting device is used

and a band is made to grip the outer surface of the drum
on the driving portion, but the more common form is that

shown in f (Fig. 85), namely, the expanding clutch.

There are other ingenious forms of clutch which have

been employed for motor car purjjoses, but to a more

limited extent. Only one of these need be mentioned,

the " coil " clutch. This clutch was invented and described

about thirty years ago, ' and it has been largely used for

power purposes. It depends on the principle, which for

hundreds of years has been used by the sailor, which gives

1 " T)ie Friction of Metal Coils," by Prof. Hele-Shaw and Edward Shaw :

Report of o8th Meeting of tlie British Association, Bath, 1888.
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any required resistance by coiling a rope round a post or

bollard. It is known that each half turn of a rope round

a post multiplies the gripping resistance three times :

this available gripping force thus increases in geometrical

ratio of the number of turns, which leads in a very few

turns to enormous possibilities of holding force. Thus,

for instance, only four complete turns of the coil are neces-

sary to enable a force of 10 lbs. on one end of the coil to

effect a pull on the other end of nearly 30 tons. It is only

necessary, therefore, to fit a metal coil to the hub of a fly-

wheel, and attach the driving end to the following or

driven shaft, to secure a clutch as shown in Fig. 86.

This clutch is capable of being

operated with a light pressure,

and gives a driving force equal

to the most exacting require-

ments of motor cars. It is this

very delicacy of operation which

has prevented this type of clutch

from coming into general use,

since the failure of lubricants,

or careless operation of the

control, may cause an action so

fierce as to lead to the shafts being instantaneously

twisted off, or the destruction of the gear. Therefore

this clutch, interesting as it is in theory, will not

be alluded to further, although it may be remarked
that some inventor may yet find a way of employing
the old-time principle of coil friction in a safe way,
thus bringing this type of clutch into general use for

motor car practice.

The Mechanical Details of Frictitn Clutches

The oldest and by far the most common type of clutch

has hitherto been the cone clutch, the simplicity of which
is obvious from Fig. 87. Here we have only three essential

parts, AA the outer and inner cones, b the spring to force

them together, c the operating pedal lever.

Fig. 86.—Sectional diagram

of a coil clutch.
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It will be obvious that when the pedal is released, and
the cones are engaged with each other, the spring rotates
bodily with the

driven shaft d,

and the condition

previously men-
tioned of having
no relative motion
of the revolving

spring with the

driven shaft is

observed. The
angle of the cone

is of great impor-

tance : if this is

very small, the

clutch does not

release easily, and in fact may jamb altogether. If it is

too large, the full benefit of the wedge action is not
taken advantage of, and a much stronger spring is

Fig. S7.—Diagram of a cone clutch.

B C DE A. Cone anylc, coiiimoiily ]:i

degrees.

B. Flywheel.

C. LiniiiLT of leather or fabric.

I). Kivet^ holiling lining to eluteli

iiieniiief.

E. Li[) for eluteh lining to butt

against.

1\ Clutch meDibcr.

G. Olearanee to allow for wear.

H. Thrust ball-race.

I. Siiigot.

.f. Collars to adjust spring tension.

Iv. Stilfening webs.

L. Sjiring cover.

Fig. 88.

required. A very common angle is 12", but the

designer should carefully consider the material of the

two surfaces in contact in order to ascertain whether he can
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diminish this angle or must make it greater. Tlie clutch

shown in Fig. 88 is a well-proportioned and typical motor
car cone clutch. The names and description of the \arious

parts are given in the figure, and all that need be said is

to point out that this clutch, unlike the one in Fig. 87,

shows the lining, or covering, of the inner cone. The
lining is secured to the cone with copper rivets, the heads

of the ri\ets being sunk below the surface of the leather

so far that even after considerable wear has taken place

the rivets may not rub against the coned surface of the

flj'-whcel. Some
makers fit a lip to

the larger diame-

ter of the cone for

the lining to butt

against, thus re-

lie^-ing the rivets

from some of the

work of holding

the lining in posi-

tion laterallJ^ The
lip is not Ijy any
means essential,

and in any case
it must be kept sufficiently below the surface of the
lining to avoid any chance of contact with the fiv-wheel.

Another method of securing the lining to the cone con-
sists of using T-bolts with heads of semicircular section
extending across the width of the cone. Corresponding
grooves are arranged in the cone so that the head of the
T-bolt is pulled by its nut well down below the level of
the contact surface of the cone.

A number of devices have been used, chiefly with
leather, to obtain gradual engagement. Fig. 89 shows
four examples of such arrangements. It will be noted
that, though differing in construction, all have the same
effect, which is to press out sections of the clutch covering,
so that instead of the entire surface coming in contact

Fig. 89.—Methods for obtaining gradual

engagement.
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with the fly-wheel cone at once, small sections of the

surface, controlled bj;^ light springs, first of all make con-

tact. Since with light spring pressure these svirfaces are

insufficient to transmit the full engine torque, a consider-

able degree of slipping takes place ; but there is sufficient

clutching effect partly to overcome the inertia of the car

in preparation for complete engagement.

Example 1 (Fig. 89) shows an arrangement in which a

series of curved springs, each having a radius of curvature

less than that of the cone, arc fixed into a circumferential

groove in the cone. These springs have the effect of press-

ing out sections of the covering, somewhat in the manner

indicated in the illustration.

In Example 2 the cone is of pressed-steel, a series of

right-angled saw cuts being made round the rim of the

cone. The tongues so formed are bent outwards, and the

spring of the metal is sufficient to press the friction material

outwards at intervals round the circrmiference.

Example 3 indicates a rather more elaborate method.

A series of rectangular slots is cut in the cone : into these

slots steel plates, bent as shown, are inserted, the plates

being controlled by light helical springs mounted on pins

screwed radially into the cone. The effect is similar in

every way to the previous example.

Still another method is sliown in Example 4, and here

a small spring-loaded plunger, contained in a guide riveted

to the cone, performs the operation of forcing out the

covering. In the illustrations the forcing out of the cover-

ing is exaggerated, locally, in order better to illustrate

the principle in each case : actually it would take a more

curved form, as in Example 1.

All these devices operate under the clutch lining and are

in this respect similar. There is another device for soften-

ing engagement which is used either in conjunction with

a leather or fabric-lined clutch, or with a metal plate

clutch. This consists of a series of cork inserts arranged

round the clutch periphery, and passing through the

leather as indicated in Fig. 90.

15
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Fig. 90

ing cork inserts.

The diameter of each piece of cork is about | in. It

will be seen that the cork inserts project a little beyond

the covering, and consequently rub against the fly-

wheel cone first, partially taking up the drive : subse-

quently, the cork is compressed by the

action of the clutch springs so that

the leather comes into contact with

the fly-wheel cone.

The desired gradual engagement of

the cone clutch is not altogether over-

come by any of the devices described.

Indeed, this defect of the cone clutch

is one of the causes that have led to the

Section show- invention of clutches of the other

types in Fig. 85.

The cone clutch is used in some of

the best cars in the inverted form as shown in Fig. 91. In

this clutch, instead of turning down the fly-wheel itself in

the form of a hollow cone, a separate attachment shown
as A in Fig. 91 is provided, being generally made of

aluminium, and the spring instead of being external, as

in the case of the ordinary cone

clutch, is snugly housed within

the body of the clutch itself.

An important consideration in

the design of the cone clutch

relates to the dimensions and

material of the inner cone. The
designer in this matter is some-

what on the horns of a dilemma.

One obvious object in view is

to have the size of this cone

as large as possible for two

reasons : firstly, because by this means a large bearing

surface is obtained ; and secondly, because the leverage

is increased in proportion to the size. On the other

hand, it is highlj^ important that the size and weight

s'-iould be kept down to the lowest possible dimensions, so

Fig. 91.—Inverted cone clutch.
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that the inertia oi the revolving clutch when released

may be a minimum. One of the chief difficulties of the

tyro on driving a motor car is in operating the change
speed gear, to do which a fresh pair of gear-wheels has

to be brought in mesh with each other in the gearbox.

If this is attempted when the speed of these two wheels

is different, clashing of the teeth and consequent injury

ensues ; and the danger is obviously greater if there is a

heavy revolving cone. The cone is therefore made of

aluminium, or if of steel, the section is kept thin and the

cone is pressed with ridges to form stiffening M^ebs. Many
makers prefer to line the inner surface of the hollow cone

instead of the outer surface of the revolving cone, as the

inertia of the inner cone is thereby considerably reduced.

The importance of keeping the diameter as small as pos-

sible will be better understood when it is remembered

that the inertia effect of a revolving mass varies as the

cube of its linear dimensions : that is to say, a revolving

cone of twice the diameter but otherwise of the same pro-

portions as another one has no less than eight times the

stored up inertia for the same number of revolutions

per minute. Thus even the leather or fabric stretched

round a rim of twice the size represents not twice the

inertia but, since both weight and velocity are doubled,

and the inertia varies as the square of velocity, no less than

eight times the inertia effect. For these reasons it is

common to provide a clutch brake, commonly called a

" clutch stop," which is shown in Fig. 92 at c and which

being fixed to the frame quickly reduces the velocity of

the revolving cone to the required amount when the latter

is brought back into contact with it.

The Plate Clutch

As already said, the use of the cone clutch is merely

an ingenious method of increasing the frictional effect of

the operating surfaces in a friction clutch. In the plate

clutch illustrated in Fig. 93, this increase of required

frictional effect is obtained by means of the lever (j).
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order to prevent any injurious action of the metal friction

surfaces.

The Multiple Plate Clutch

A very ingenious invention is shown diagrammatically
at (d), Fig. 85. In tliis chitch a principle is employed
which was discovered nearly fifty years ago by Weston.
The so-called third law of friction states that the resis-

tance of friction is independent of the amount of surface.

Tliis is only true when two surfaces only are pressed
together. When a nuniber of surfaces are superposed on
each other as in Fig. 94., the force of frictional resist-

ance does depend upon the

amount of surface, and, in

the present case, as there

are no less than eight

surfaces in contact instead

of one, the effect is multi-

plied eight times.

If n = the number of

inside jjlates, then, re-

membering the law

,

F = /tiP. For a multiple plate clutch, since each inner

plate gives two surfaces of contact,

F = 2nfiF

It is thus evident that any required frictional effect

can be obtained for a very moderate pressure simply

by increasing the number of plates. Fig. 95 shows the

parts of a multiple plate or disc clutch separated, and can

be easily understood without further explanation than

the remark that the inner plates (e) have a series of

notches cut on their inner periphery, and are fitted on the

castellated clutch drum (h) ; while the outer plates (f)

have a similar series of notches cut on their outer periphery

(f), and the latter fit into corresponding keys or grooves

formed in the outer casing (c).

The corrugated multiple plate or disc clutch is shown

p
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diagraminatically in (e) Fig. 85, and in the form in which it

is used at the present time in Fig. 96. The latter figure,

taken in conjunction with the sej^arated disc clutch,

Fig. 9.5, makes the design and construction of this clutch

sufficiently clear, but a few remarks may be made on the

peculiar properties of the " V "-groove or corrugation. It

is very commonly stated that these -grooves are

Fig. 95.—Details of a multiple plate clutch.

merely the equivalent of the cone in the cone clutch.

As a matter of fact, however, thej' play a much more im-

portant part in

the behaviour of

the clutch.

In the first

place the plates,

which are forined

when cold in dies

with a very
powerful press,

retain their uni-

form thickness.

The result of

this is the
curious fact that

although the

plates are all

formed of the

same die, the metal on the inner surface of the " V "-groove

lias to be drawn from the body of the plate, and the con-

sequence is that the plates, owing to the great stress of the

metal, are extremely rigid, and do not lose their form even

if they become heated by friction when running. Thin
flat plates, on the other hand, are liable to buckle, and if

they buckle do not clear themselves when released, thus

causing considerable internal resistance when the clutch

is disengaged.

The second and even more important point is the geo-

metrical fact which will be clear from Fig. 97. From this

it will be seen that though the plates are made from the

A. Untjine Hy-wheel.

B. Grooves in case.

C. Case.

D. BaU race.

E. Inner disc.

F. Outer disc.

G. Driven hub.

J. Driven sliaft.

K. Pusher case.

L. Spring'.

M. Cover.

X. Adjusting busli.

O. Operating swivel.
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Fig. 96.—Sectional view of the Hele-Sliaw clutch.

same die and are of the same thickness throughout, they
only touch the sides of the "V "-grooves and not at the
points of the " V " or upon the flat portions of the plates.

This gives room
for the separat-

ing springs shown
in the figure,

which springs

cannot be con-

veniently used
with flat plates.

It also ensures

that the wearing

surfaces are the

sides ofthe " V"-
grooves, and
further enables oil

to be circulated

freely between
the plates.

The perspective

view in Fig. 98

shows the foregoing oiling facility and also the keying

arrangements which are stamped on the plate for driving

respectively on the inner

and outer keying sur-

faces of the clutch.

There is one feature of

the multiple plate clutch

which cannot be over-

looked. This is the

tendency to spin or drag.

Thus, just as with the

cone clutch, for which a

clutch stop must be used,

some form of clutch stop or brake is used with many types of

multiple disc clutch. A simple method of meeting this diffi-

culty has already been shown in the case of a cone clutch in

A. Ply-wheel plate.

B. Clutch case.

0. Cone discs.

D. Cone.

E. Pusher plate.

F. Adjusting ferrule.

G. Operating swivel.

H. Thrust ball race.

J. Clutch stop.
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Fig. 92, and the method shown at j (Fig. 96) is employed with

the disc clutch and takes the form of a small auxiliary clutch.

The use of fabric has already been mentioned, and Fig.

99 shows the way in which fabric is used in a dry-plate

clutch. This fabric is

in the form of two flat

rings, which are pressed

one on either side of

the central driving plate.

It may be noted that

instead of having one

central spring, as in the

previously described

clutch, a number of

springs, generally six,

are employed, and are distributed round the circumference

of the plates.

Although magnetically operated and hydraulically oper-

ated friction clutches (chiefly the former) are employed

for a number of engineering pur-

poses, there is at present no indica-

tion of their actual use in motor ear

practice. The use of the true

magnetic clutch has onh' been ex-

perimentally tried on a few vehicles,

and it is obvious that this is a case

of pure magnetic attraction between

the armature and field magnets,

being the case of action at a

distance. To obtain the statical

effect required in a clutch at present

involves a very large and heavy

contrivance. This is not, however,

the case with the true hj^draulic clutch, and results

have already been obtained of such promise as to merit

the inclusion of a brief treatment, before concluding this

chapter, of the hydraulic clutch problem.
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Maonetic Clutches

For some purposes a true magnetic clutch offers great

advantages, as, in conjunction with an electric motor,
it can be made an indefinitely variable transmission with-
out the employment of tooth wheels, chain-drive, or other
kind of step-by-step gearbox.

There have been attempts to bring such a system into

competition with the ordinary combination of clutch and
gearbox, but only recently with practical results. The
general principle of operation of a magnetic clutch suit-

able for motor cars, when operating as part of the trans-

mission system, may be descriljed as follows : Suppose
the field magnets attached to and concentric with the fly-

wheel and revolving outside the armature which is attached

to the driven shaft. Then if there is any slip between the

latter and the engine shaft a current is generated which

can be employed to drive an electric motor for transmitting

power to the road wheels. By suitable wiring and control

connexions the torque may be increased to any required

extent ; such increase, while involving a corresponding

loss of speed of the car. provides the necessary hill climbing

powers. An important advantage of such a magnetic

clutch is that a large proportion of the energy of slipping

can be thus converted into useful work, whereas the whole

energy of the friction or hydraulic clutch operating

through the ordinary gearbox is lost. The controlling

arrangements arc of course delightfully simple as compared

with the ordinary change-speed lever and clutch pedal,

but against the above advantages there is one very serious

defect, and that is that such a clutch, which depends on

magnetic current for direct drive, must cither generate the

electric current itself to enable the drive to take place.

ov employ storage batteries for the purpose, as the clutch

obviously will not transmit any power unless the electric

current is circulating through the system. Thus it is not

practically possible without a storage battery and powerful

magnetic field to obtain direct through drive without
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slipping, and this slipping may be as much as 10 per cent.,

representing complete loss of power to this amount. Still

such a system is very beautiful in operation, and a magnetic

clutch is the quintessence of smooth action.

Hydraulic Clutches

The hydraulic clutch has for many years been a subject

of inventive skill, as the records of the Patent Office

testify, and they are only now just beginning to find

their way into the market for motor cars as a commercial

article. The reason for this is quite apparent, as such

a clutch compared with the simple

4 \ ^ friction clutch must necessarily be a

much more refined piece of apparatus

and consequently more expensive.

The theory of the hydraulic clutch

is simple enough. What is required

is the power of resisting movement of

two parts relatively to each other by

_,..„. , means of fluid contained in some form
Fig. 100.—Diagram of

hydraulic clutch. of chamber, the release of such fluid

by means of a valve enabling the

clutch to slip as desired or to be released altogether.

Space does not admit of a detailed account of all that

has recently been done in the direction of hydraulic
clutches, but a general idea will be obtained of the action

of such a clutch from Fig. 100, which shows diagram-
matically a clutch which has given successful results in

practice.

It will be seen that A is the casing attached to the fly-

wheel, B is the driven shaft. The four pistons having
radial action are driven by two cams, v v show the

positions of the two valves, and it is obvious that no
motion of the two pistons can take place as long as the

connecting valves are closed. By regulating these valves

any required amount of slip can be secured. This clutch
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is shown in greater detail in Fig. 101, and the following is

a brief description :

A. The casing.

B B. Closed chambers containing fluid,

c c. The pistons.

D D. Operating cams.

E. Control for operating balanced valve G.

F F. Side and end views of the transmission shaft.

G. Control valves.

H. Automatic inlet valves for keeping working

chambers full.

J. Blocks working in the sliding cross frame.

K. Yoke, by means of which the pistons are operated

in conjunction with the cam-shaft.

The principle of this clutch is what has been called the

A B CDC

Fig. 101.—Hele-Shaw hydraulic clutch.

" closed circuit " system. The closed circuit is that con-

taining the working fluid (oil) and consists of two pistons

communicating w^ith each other by a channel in which
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is placed one of the control valves. Once either of the two

closed systems by which a valve and two pistons operate

is filled and all air removed, the slightest leakage when the

operating valve is closed results in a vacuum being caused,

when a piston moves inwards. When this occurs the

automatic inlet valve above mentioned immediately opens

and allows the oil to flow in and fill up the empty space.

It will be noticed that even if the case is only partially filled

centrifugal force throws whatever oil is left to the periphery,

and the automatic inlet valves which are near the peri-

phery of the case are thus able to draw a supply of oil as

long as any oil remains in the case.

Clutches of the above type have been successfully tried

both on a large and a small scale, and Hele-Shaw hydraulic

clutches in a modified form are ndyf being manufactured

by Messrs. Dorman, of Stafford. Apart from ease of

operation and absence of all shock, these clutches have

shown, after niany thousands of miles of road running,

the Avelcome property of entire freedom from wear.

The automatic inlet valve thus represents the method

by which the hydraulic clutch is kept in operation, even

if leakage occurs. It is an important part of the clutch,

as if the chamber becomes empty it is obvious that the

clutch will cease to act, exactly in the same way as the

magnetic clutch would cease to act if by any means the

electric current failed. Thus, whilst the constant action

of the hydraulic clutch is ensured, accuracy of workman-

ship reduces the slip to a minimum, and it is in this respect

that the hydraulic clutch is superior to the magnetic

clutch. A slip of 5 per cent, might be thought of little

moment, but at the present price of petrol 5 gallons abso-

lutely thrown away and hopelessly lost for every 93 gallons

usefully employed is a very serious item, and this is what

5 per cent, of slip really means.

Tests of a hydraulic clutch in practice taken by tacho-

meters on either side of the clutch have shown a loss of

only one revolution in ten thousand (1-10,000), which

represents such a high efficiency as to give every hope
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that when the hydraulic ckitch is capable of being produced

by methods of mass production, and thereby brought

down to a low cost, it will become an important factor

in motor car transmission. Like other appliances working

with oil as a medium, such a clutch operates with no

appreciable wear, and, like the magnetic clutch, it differs

entirely from the friction clutch in relieving the motorist

from all anxiety on the score of replacement or adjust-

ment.
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CHAPTER XIII

TRANSMISSION AND LIVE AXLES

The method whereby the propulsive power of the engine,

after passing through the clutch and the gearbox, is com-

municated to the back wheels is of the utmost importance

in car design in view of the fact that most of the com-

ponents involved are submitted to stresses not only

through the drive but also in the form of shocks brought

about by inequalities of the road surface. The trans-

mission system has also to accept much of the stress

imposed by braking the car. Being close to the road,

from which it is not easy entirely to protect it, the

mechanism must be capable of working satisfactorily under

the worst possible conditions of mud, water, and dust, and

at the same time it must be reasonably silent in operation.-

The typical motor user is more inclined to forgive a little

noise emanating from under the bonnet than a moan
from the back axle. It will also be readily understood

that in spite of the stresses which it has to bear, any

transmission system must be unfailingly reliable, as by

its very nature the parts concerned are not easy to get at.

Before briefly describing the evolution of the modern
transmission system, which in reality has undergone little

but detail alteration during the last ten or twelve years,

it is desirable to point out that one of the greatest problems

which confront the designer relates to the saving of weight.

Evidently where heavy stresses are to be dealt with—and

the transmission deals with stresses possibly far higher

than any other parts of the car—the very best material,

and plenty of it, is called for, but unfortunately strength

cannot be attained by merely adding on metal without

238
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introducing very serious results. In this connexion
transmission is intimately bound up with suspension. In
the car the principal weight of the passengers is concen-

trated nearer the back axle than the front ; but whereas

the latter is merely a distance piece with pivots at each

end, the former is a relatively complicated mechanism.
When the car passes over a diminutive hillock, or " bump "

in the road, the back axle is accelerated upwards very

rapidly, and the extent to which this acceleration is com-
municated to the chassis and passengers depends, other

things being equal, upon the ratio between sprung weight

and unsprung weight ; in other words, upon the ratio

between the weight actually borne by the back axle and
that of the back axle itself. The heavier the back axle,

the greater will be the relative shock communicated to

the car, and the less will be the tendency of the car to

bring the axle back into contact with the road again.

This phenomenon can be very well observed by noting

the difference in the behaviour of an empty three-ton

lorry traversing a stretch of very pot-holed road and that

of a similar lorry fully loaded. If the axle is very heavy

it is almost impossible to make springs which will react

properly and prevent the tendency for the axle to bounce

over the rough places. Whereas, if the weight of the

back axle could be made very small indeed, so that the

ratio between sprung and unsprung weight was always

very high, the problem of adequately springing the vehicle

to suit all ordinary conditions would be a comparatively

simple one. It is for this reason that all designers seek

to reduce axle, that is, transmission weight, knowing too

that this question is intimately bound up with economy

of running. A heavy axle will not only promote discom-

fort to the passengers and undue vibration to the chassis

mechanism, but it will also make for very gross wear and

tear upon tyres, for instead of ihe treads remaining con-

stantly in contact with the road surface they will be fiercely

bounced up and down. When they leave the surface the

wheels will tend to be accelerated, so that when they come
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again into contact they will be spinning too fast, with the

result that such divergence in relative speed can be only

followed by a heavy shock, which will not only react upon

the tyre, but upon other parts of the mechanism. To-day

practically every touring car in the world employs a live

axle transmission, but for a long time this system, now
triumphant, had a strong rival in chain-drive, simply

because with the latter there was less unsprung weight

to be dealt with. For the same reason chain-drive is still

used upon a very large number of heavy industrial vehicles,

as will probably long continue to be the case.

The rear live driving axle, now in universal employment,

was first introduced many years ago, and the subject of

its construction is of considerable interest. The original

automobiles were constructed with a dead or stationary

axle having a twin side chain-drive, a form of power

transmission thenceforward rendered exceedingly popular

by the advent of the early French-made Daimler car.

This style of axle was not merely the fashion, but also the

rule for a number of years. Even to-daj' it survives upon

a few makes of modern commercial motor vehicles, chiefly

lorries.

Ultimately, however, it was realized that greater effi-

ciency, much longer life by reason of enclosure and ade-

quate lubrication, and practical immunity from noise

would at once be possible by transferring the counter-shaft,

fixed to the frame, to the oscillating axle itself. To con-

tain the solid driving shafts, hollow stationary casings or

tubes were fitted upon either side of the balance gear, and
to the keyed, squared, or tapered extremities of the live

shafts the road wheels of the vehicle were attached. By
this method both the driving stresses and the weight of

the automobile, as well as the vibration caused by the

irregularities of the road surface, are taken by the bevel-

geared, divided live axle itself. This form of axle drive

is gradually being abandoned. It is, nevertheless, still

used in a number of present-day motor cars of the cheapest

as well as of the more expensive kinds.
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All important improvement was later on brought about
by the Owen Motor Car Company in Britain, and subse-

quently by the Deeauville and Vieinus Automobile Com-
panies in Belgium, when they introduced the hve axle

of the type illustrated in the accompanying figure. In

this axle, driven by a bevel-gear, the live shaft ends are

Fig. 102.—A type ot live axle transmission linown as " full floating

The drive shafts are not submitted to bending stresses.

not fixed to the road wheels in order to support the vehicle
;

neither are they used to carry the weight of the machine

in any measure. Among early variations of this mode

of construction a common scheme was this : the outer

ends of the axles were square, over which the squared

holes of the wheel hubs were fitted and drawn tight on the

live axle by a nut.

Another system utilized was the provision of a star or

dog clutch piece at the outer end of each live shaft, fitting

accurately into corresponding serrations in the nave of

16
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the road wheel. The chief advantage thus secured is that

the road wheels revolve upon journals which are consti-

tuted by employing as bearings the external surface at

the ends of the stationary tubes or sleeves of the live axle

casing. The casing, but not the revolving axle itself,

therefore carries the entire weight of the vehicle and re-

sists all shocks.

In this manner the live driving axle is completely re-

lieved of the car weight, for the only strains thrown upon

it are those of the engine torque, the effects of braking,

and such vibration and end-thrust as the balance gear

and the connexions to the road wheels receive.

This is, so far, unquestionably the most satisfactory

system, and although minor changes in details have been

produced from time to time, the main principle has never

been improved upon since its introduction by the several

companies already mentioned. Ball races and roller bear-

mgs, or a comb'nation of both, were ultimately utilized

to take the radial load and the thrust on the outer casing

of the axle. A further modification consisted of enlargmg

the outer ends of the axle sleeves for the purpose of hold-

ing such bearings internally.

A mechanism originated early in the automobile move-

ment, and produced in quantities for many years, was

the double-articulated live axle rendered popular by the

French voiturettes of De Dion Bouton. This innovation

made possible the suspension of the driving and differ-

ential gear on the frame or chassis of the vehicle, instead

of the ordinary custom of carrying that mechanism within

the casing of the live axle. The result was obviously to

reduce the amount of unsprung weight to a material

extent, and, as may be gathered from an examination of

the illustration in Fig. 135, the gearing was entirely insu-

lated from the effects of road vibration, the wheels revolv-

ing on the hollow journals of an independent, stationary,

tubular axle, upon which they were supported directly.

These constructors used a pair of short, double, univer-

sally-jointed transverse shafts, which served to couple the
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driving gear in the centre of the frame to the inner side

of the hubs of the road wheels. At one time this system
was employed exclusively by the De Dion Bouton Com-
pany for all their vehicles, ranging from 3J h.p. single-

cylinder light cars, to heavy-weight lorries, omnibuses,
and the like. Another French constructor to follow the

lead set by this company was the maker of the Pilain

vehicle. He carried out an improvement, however, upon
the original design, which was effected by extending the

transverse Cardan- shafts so as to terminate at the outer

instead of the inner side of the wheel hubs. Incidentally,

by Pilain' s method the rearrangement of the parts allowed

the road wheels to be canted outwardly in relation to their

axle.

This method avoids the ill-effects of shocks or stresses,

other than that of the driving effort, being transmitted to

and through the moving axle shafts from the balance gear.

The weight of the latter being carried directly on the

frame or chassis members, the jointed cross-shafts work
under correct conditions, that is to say they are free to

turn without supporting any extraneous weight whatever.

In the Chenard-Walcker axle, first marketed about the

year 1900, there is a divided balance geared shaft, corre-

sponding to the countershaft of a chain-driven car, in

front of and parallel with a stationary su]3j:)orting axle,

which latter may be solid or tubular. At the outer ex-

tremities of the driving shaft are spur pinions, mounted

to gear with internal spur rings forming drums fastened

to the road wheel hubs. A similar type of construction

was also employed in the original Cannstatt-Daimler mer-

cantile and industrial vehicles, and a large number of

European and American heavy vehicle makers have since

followed suit. An important point to be observed in this

method is that it provides a double reduction of the

gearing between engine and road Avheels.

The Paris-made Aries car was so arranged as to have

its balance and driving gearbox supported on a double

L-cranked I-beam stationary axle, the cross-shafts above
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having external universal-joints at their minor ends.

The Bohde Motor Car Company's rear live axle was

of a very similar character, with this difference, how-

ever, that the Cardan- joints were placed inside the differ-

ential gearcasing. These examples of live axle construction

are instructive as well as interesting, but in no modern

motor car are they any longer employed, so far as the

provision of universal-joints to the live shafts is concerned.

The Porthos automobile, first made in Paris about the

year 1905, was a car with an uncommon live rear axle

system. In this vehicle the main weight-carrying axle

was a solid steel bar of circular section, extending from

road wheel to road wheel and passing through the axis of

the balance gear. The balance gear, and its containing

box or case, was arranged to " float" upon this sohd rod,

a pair of external tubes or sleeves, which surrounded it,

being connected to and rotated by the gearing. It will

be perceived that by this peculiar disposal of the com-

ponent parts, the sleeves or tubes, and not the solid rod,

constituted the driving axle.

In some few cars the live axle was so arranged as to be

arched or splayed in a manner similar to that seen in the

front axles of several modern automobiles. A car in

which this plan was well executed was the Lyons-built

Buire. In this there is a through shaft from front to rear

of the differential gearcasing, which contains two driven

bevel wheels and the conical balance gear, of different

diameters. These bevel crown wheels are meshed with

two conical driving pinions of different sizes, and the live

shafts, which are hollowed out for a portion of their

length, connecting them directly with the driving road

wheels, are mounted upon ball bearings at their inner and

outer ends. As regards the practice of using two bevel

wheels in the back axle, it is possible thus to provide two

ratios of gearing therein, affording in some cases six in-

stead of three forward speeds to be obtained through a

three-speed gearbox.

The main faults liable to develop in some forms of the
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live axle are (1) chattering of the gears
; (2) endwise and

radial play of the bearings
; (3) excessive wear of the star

or dog clutch axle ends, or similar slackness where the
wheel hubs are bolted on to square ends

; (4) loose axle
sleeves, especially when they arc of the shrunk, brazed, or

pinned sort
; (5) stretching or wilting of the balance gear

casing as a whole, or at the bolt-holes
; and (6) oil leakage

at the joints, or at the outer extremities of the axle

sleeves.

Cars having built-up axle cases and sleeves are sus-

ceptible to all or any of the defects specified, since in some
axle cases the sleeve tubes are merely pressed or driven

into bosses on either side of the casing. A better system
is to be found in the flanged boss to which a similarly

flanged taper sleeve is bolted. The superior form of boss

is that which is provided with a recess, or step, wherein

the sleeve is a tight fit. It may be said that a gradual

disappearance of the built-up type of axle case is taking

place in favour of the single-piece outer axle case. This

has rendered unnecessary the use of the tension or strength-

ening tie-rod.

The defects mentioned under the headings (4) and (5)

are not experienced where the dead axle is in a single

piece from end to end, as in the original Maudslay,

Thornycroft, and other motor cars. The first-named

maker's method is now very generally followed. In its

modern fashion, however, the system is of very much
lighter construction. That is to say, a pair of pressed

sheet-steel channels in the shape of a double-ended banjo

are welded together, thereby assuming the form of one

member instead of four or more separate components built

up as in the older custom. The gearing is inserted in its

bearings within the casing from behind, or in front of, the

circular banjo orifice, and is enclosed by bolting on a

pair of circular or similarly shaped discs, which are plates

serving to cover the gear motion.

The placing of the change-speed gearbox on the rear

live axle is by no means new, several cars, the old



2^,6 MODERN MOTOR CAR PRACTICE

French Darracq for example, having been built on this

plan, while the new Storey car is a British instance recently

provided with this arrangement of the mechanism. In

this vehicle the box is of aluminium alloy, housing both

the spur wheel change-speed gear and the balance gear.

And, whereas the majority of former " gearbox-on-back-

axle " cars have been of the type employing bevel-

gears for the final drive, the Storey car is driven by

an overhead worm. On the Ruston-Hornsby car the

gearbox is immediately in front of, and supported by,

the back axle, to which it is therefore attached, but the

balance gear and bevel drive wheels are mounted in their

own independent casing. This style is largely American.

On the English Daimler Company's live axle the under-

hung worm-pinion shaft is mounted in the lower half of

the globular case, which is bolted together horizontally,

and to which the tapered axle barrels are also bolted.

The universal-joint, of the star shape, is exposed, but

there are grease cups at the extremity of each working

pivot. The axle is stayed by a tie-rod beneath it, and
the guUey pipe, for admitting oil to the worm and balance

gearing, forms an integral portion of the casing. There
is no radius rod, the axle torque being taken by the rear

springs, which have a single shackle at the rear.

In the Napier car of 1914 a different construction is

employed, for the torque of the axle is resisted by a

pressed steel torque member, to the front end of which is

riveted a ball-socketed swivel head in which a spring-

cushioned suspension hnk is mounted in an adjustable

bearing of white metal.

The centre portion of the Chandler (U.S.A.) hehcal-bevel-

geared live axle and its case, illustrated herewith (Fig. 103),

is typical of several American and English-made cars. The
method adopted allows the large bevel-gear wheel, to-

gether with the spider holding the balance gearing, to be
withdrawn from within the outer casing of the axle. The
mechanism is held in position by two bearings which are
capped and bolted, the removal of four nuts being all
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that is required to permit the gearing to be taken out

bodily. The outer casing is composed of two pressed sheet

steel halves, welded together along the vertical line of

their junction with each other. This double banjo shape

is of light weight ; it is now exceedingly popular, its style

of construction being precisely similar to that of the

familiar pressed and welded steel-sheet hollow artillery

wheels.

The 22 h.p. S.C.A.T. car, introduced into Britain from

Italy in 1908, was provided with a canted back axle.

Fig. 103.—The back axle of the American Chandler car follows a design

which has been very popular both in the U.S.A. and Europe.

together with an ingenious disposition and adaptation

of the balance gear. As Avill have been gathered, the

normal position of the balance, or differential gear, is

central with the live shafts, because it is incorporated

within the casing of the axle. In the S.C.A.T., however,

the rear end of the Cardan-shaft is furnished with a four-

armed star-piece or ring, holding four small bevel wheels.

The star-piece is so mounted as to turn freely on the front

end of a hollow bevel pinion sleeve. Extending through

this sleeve, from the star-piece to the rear side of the

axle case, is a solid shaft having a bevel pinion at its

back end, which meshes with a crown bevel wheel The
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bevel pinion sleeve is in mesh with a second and larger

crown ring. As in the Buire car, so in the S.C.A.T., this

arrangement allows the wheels to be canted after the

manner of a brewer's dray, but in the latter car the

balance gear is on the Cardan-shaft end and virtually

becomes a universal-joint. Admittedly the contrivance

is a clever one, but per contra it necessitates considerable

duplication of component parts that are not otherwise

essential, in addition to skilled workmanship.

The advantages claimed on behalf of the cambered axle

Fig. 104.—The built-up axle and propeller shaft casing o£ the 1920

six-cylindered Napier car. Note the anti-rolling device used at the

forward end of the construction.

are that the axle as a whole assumes the form of a flat

arched member supported by a tie-rod beneath the gear-

box. As the road wheels are inclined outwardlj' from the

vertical line they are considered to be better able to resist

lateral stresses, and to transmit such stresses as a thrust

longitudinally with the axle rather than as a rectangular

twisting movement against it. This is supposed to give

the advantage of overcoming the natural tendency of an
axle to splay, besides allowing of a narrower gearcase,

because the balance gearing is not within the circumfer-

ence of the driven bevel. It is also contended that

because of the position of the differential gear and its

functioning as a knuckle-joint it may be constructed in
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light-weight manner, and that the distance between the
bearings of the hollow and solid concentric bevel pinion
shafts eliminates the liability of binding between them
and the bevel crown rings. Hence, it is said, the respec-

tive gears can be set in mesh with the utmost nicety.

Nevertheless, the use of the system has never been ex-

tensive, and in spite of its ingenuity it is one of those

pieces of mechanism which would not appear to be jus-

tified sufficiently to warrant general adoption. In view
of the ever-clamorous demand for the greatest possible

simplicity, successful automobile manufacturers have, in

the main, wisely avoided innovations which do not reduce

prime costs, and, therefore, ultimate expense to the pur-

chaser.

The Propeller-shaft

Whether it be enclosed or exposed the propeller-shaft

suffers from stress-es and shocks which demand for their

resistance that it be made of the very best material.

Generally it is a plain rod of steel, machined all over in

order to be accurately balanced, and, if of the enclosed

type, usually fitted with a fluted tail end so as to enable

it to be easily withdrawn when necessary frona the driving

bevel. The shaft must essentially be stiff so as to guard

against the possibility of a tendency to whip. If, for in-

stance, the car should pass over a severe road " bump,"

the inertia of the shaft, on tlie wheels striking the ground

again, would tend to cause it to bend in the middle, and

as it would be rotating at the same time this combination

of movements would set up A'ibration whieli would be felt

throughout the car. For the purpose of rendering them

particularly rigid propeller-shafts arc sometimes made of

fairly large diameter tube with solid ends, but cost of manu-

facture militates against this principle being extensively

used.

On some of the earlier cars the propeller-shaft was ex-

posed, parallel with it being a bar, fixed at its rear end to

the axle casing and movable at its front end by means of
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a ball-and-socket joint that was mounted on the frame.

Such a bar is in effect a torque rod, but it takes the re-

action of the drive on the frame, as both ends of the back

springs are shackled.

Closed Pi-opeller-shaft Type

The complete enclosing of the propeller-shaft in a tube,

which also acts as a torque and drive member, is a form

of transmission which is becoming more and more the

vogue, owing to its many advantages. These include

simplicity of construction, inasmuch as the axle and tube

form a single unit, and there is only one universal- joint,

namely, immediately behind the gearbox. Next, the

whole mechanism is completely protected from ingress of

mud and dust and is consequently readily susceptible to

some form of simple automatic lubrication. Finally, the

taking away of all stresses, other than those imposed by

the load of the car, from the road springs, allows them

far better to satisfy conditions of suspension, therefore

cantilever springs can be conveniently used and unsprung

weight reduced. This last effect is, however, rebutted by

the fact that, with the completely enclosed propeller-shaft,

it is difficult to use a shaft brake behind the gearbox and

consequently both sets of brakes have to be carried inside

the rear wheel hub-drums. This of course adds to un-

sprung weight again, and a similar effect follows upon the

fact that the torque tube is necessarily weighty, and

although part of its weight is supported on the gearbox

the rest is dead Aveight on the tyres.

Fig. 105 shows the plan of a closed live axle drive, and

Fig. 106 its side elevation. At the back end of the gear-

box is, as before, a universal-joint in the propeller-shaft.

This joint is at the centre of a spherical housing which

supports the ball-end of the torque tube. Thus the pro-

peller-shaft and the tube which encloses it are free to move
about the same centre with no relative movement what-

ever as between one and the other. Since the torque

tube is a rigid extension of the back axle casing no



Fig. 105.—Plan of live axle drive with enclosed propeller-shaft.

Fio. 106.—Side elevation of the same lay-out.
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universal-joint at the differential end of the propeller-shaft

is rendered necessary.

The back axle swings up and down—and of course also

slightly sideways as well—about the centre of the ball-

head, and as this radius is a fairly long one, the swing is

approximately equal to the purely vertical motion de-

manded by the requirements of perfect suspension. The

springs are shackled at both ends and their attachment to

the back axle is, or should be, by spherical trunnions, as

Fig. 107.— Propeller-shaft casing anchored with a yoke to provide

accommodation for a brake drum.

the spherical joint allows the axle casing to twist if the

car has any tendency to roll. The fact that all driving

and torque stresses are concentrated upon the ball-joint

and transmitted through the torque tube necessitates con-

siderable strength on the part of the latter, especially at

its root on the back axle or differential casing. It is there-

fore, frequently trussed with stiffening members extend-

ing from the neighbourhood of the spherical joint to the

ends of the axle tubes adjacent to the brake drums.

An almost completely enclosed propeller-shaft, with

siiTgle universal -joint, can be arranged to allow for the
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fitting of any convenient form of countershaft foot brake,
and this is not infrequently found in cars of European
origin. A plan view of the construction is seen in Fig. 107.
The propeller-shaft casing, instead of ending in a spherical

joint, terminates in a wide fork, sufficiently big to clear

the foot brake, and the ends of this fork are supported

Fio. 107a.—The S.P..A.. back axle construction is an extremely clean

piece of ^^'ork. iStrength is achieved in this instance without undue
complication. Botli tlie driving shafts and the differential bearing-

can be witlidrawn for overhaul without need of dismounting tlie whole

of the back axle. Note, also, how the propeller-sliaft casing is built

up integral with the axle casing.

from the chassis upon trunnions, the axis of which exactly

coincides with that of the universal-joint of the propeller-

shaft. TuIjc and siiaft thus swing about the same centre

and without relative movement. The fork end is not

made rigid with the upper end of the tube, but is itself

free to rotate upon it, so that the axle can twist suffi-

ciently to compensate for one rear wheel passing over an

obstacle which the other misses. There is not a great
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deal to choose between the two systems, but from the

economical point of view the spherical jointed torque tube

arrangement is the cheaper of the two, and it is also

preferable in that it allows the axle to swing freely in

all directions and not solely in the vertical plane.

Live Axle Transmisfiion

There are numerous types of live axle transmission,

which will all be dealt with as far as possible, but it will

perhaps be most convenient if the consideration starts

with the system which, although not the most modern,

is still found on numerous very high-class cars, and is

indeed liable to be retained upon them for some years to

come. Fig. 108 shows its lay-out (diagrammatically) in

plan and Fig. 109 in side elevation.

At the back end of the gearbox the main gear shaft

terminates in a universal-joint, various types of which

will be discussed later, to which is connected a propeller-

shaft, the universal-joint providing the shaft with free-

dom of movement in a cone of about 15 degrees. The

live axle, containing a final drive either by worm or

by bevel, is rigidly bolted, bj' means of platforms, to the

road springs—in this case plain half-elliptical, so that its

up and down motion is restricted to an arc roughly struck

from the front anchorage pin of the spring. At the rear

end of the spring a shackle is fitted.

Since the propeller-shaft swings about the centre of its

forward universal-joint, whilst the axle swings about

another centre altogether, it is obvious that relative motion

takes place between them. This is of two kinds, necessi-

tating the junction of the tail end of the shaft with the

driving bevel spindle being so made that it is not only

universal, but is also telescopic. The joint for this pur-

pose is quite simple, as will be shown later, and can easily

be protected from mud and grit by the attachment of a

tight leather or rubber cover.

In this form of transmission the object principally



Fig. 108.—Plan of exposed propeller-shaft transmission.
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aimed at is the commendable one of minimum weight,

beyond whieh it is difficult to see how the dead load of

the axle on the tyres could be any further reduced, so

far as transmission components are concerned. Another

advantage is that the gearbox universal-joint can be fitted

behind the ordinary contracting or expanding shaft brake

without in any way interfering with it. It is almost

needless to say that these benefits are accompanied by

corresponding disadvantages. In the first place the pro-

peller-shaft is supported merely upon the bearings of the

universal-joints, and as these have a good deal of torque

to transmit, especially the stress of braking with the shaft

brake, they are subject to wear and tear. Any slackness

in them is communicated to the propeller-shaft, which,

when the bearings get loose (and it is difficult to arrange

for their automatic lubrication) is inclined to rattle and

vibrate.

Next wc have to consider the question of torque and

thrust. As to the latter some means must be provided

whereby the thrust of the driving wheels can push the

car along. In the case of the chain-drive this is accom-

plished by the radius rods described, but in the case of

the live axle system under review their place is taken by

the front half of the semi-elliptic springs. It is a moot

point amongst designers whether this is desirable or not,

but those who advocate the system can at least point to

very good practical results on the road.

When the engine power is transmitted to the rear axle

bevel or worm drive, it has just as much tendency to twist

the axle casing round on the axle shafts as to revolve

the wheels, whilst the casing remains stationary, and this

first tendency must be adequately met, especially having

regard to the big torques which will be produced at

starting away from a standstill with the combination of

careless driver and fierce clutch. In this instance the

front halves of the road springs also form torque members
as well as radius rods, and keep the axle casing always

in the proper position. Since the front portion of the
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spring is not rigid it will " give " a little under a heavy
torque, but this is sufficiently allowed for by the universal-

joints of the propeller-shaft, and no harm results. On
the contrary this " give " is definitely useful in relieving

the sharp load of other parts of the mechanism and con-

stitutes in effect a limited but valuable spring-drive.

The disadvantage is that, in the interests of the thrust,

the axle must be firmly bolted to the springs. If one

wheel is lifted by a bump, or depressed by a hollow in the

road, more than the other, this will cause the springs,

Fig. 110.—The axie arrangement on a cheap American car of 1920.

which are fixed by their pins in one plane at each end, to

be severely twisted in the middle, and such deformation

is unquestionably undesirable. Amongst other things it

promotes considerable wear and tear at the shackle pin.

Again, it hardly gives the springs themselves the best

conditions for acting as springs purely and simply.

To overcome these disadvantages a second system of

open-shaft live axle transmission is not uncommonly used.

A side view of this is set out diagrammaticall}' in Fig. 111.

In this case the front portion of the springs is again used

to transmit the driving thrust, but instead of their having

to act as torque members also, a separate torque-resisting

stay, or stays, is provided. This consists of an arm,

17
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built of converging tubes or stamped out of stout steel,

which is carried by the axle and slung at its forward end

in a sliding link wherein it is capable of slight movement

against a couple of stiff coil springs. This, it will be noted,

reproduces the

spring-drive con-

ditions already

touched upon.

With a separate

torque member

the axle is no

longer bolted

direct to the road

springs, but is

attached to them

by trunnions. If
Fig. 111.—Lay-out of a typical torque stay.

the trunnions are, as they ought to be, of the spherical

type (Fig. 112), they will allow the axle to roll without

communicating any twist to the springs, and they will

also permit the axle to swivel about the centre represented

by the front attachment

of the torque stay, whilst

swinging about the centre

represented by the front

pin of the spring.

Both the types of live

axle construction de-

scribed suffer from the

common objection that

the rise and fall of the

axle takes place in an arc

of a circle about the

spring pin, and this is necessarily a short radius. In the

interests of suspension it is preferable that the radius should

be longer, and this accounts, perhaps more than anything

else, for the disappearance of the open propeller-shaft form

of drive. It may be mentioned, in regard to the separate

torque member, that this is rendered absolutely necessary

Fig. 112.—Spherical attachment to

springs to allo%v axial movement of

the driving axle casing.
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if any but half- or tlirce-quartcr-elliptic springs are em-
ployed. If cantilever springs are installed, having their

thinnest end attached to the axle, it follows that the highest
torque stress upon them takes place at the weakest point,

and this they could hardly be made to sustain.

A typical live axle lay-out is delineated in a clear manner
by the accompanying drawing of a live axle drive and its

Fig. 113.—A typical assembly of a live axle, propeller-shaft

casing, and tie-rods.

general assembly (Fig. 113). The points worthy of special

note are that the Cardan-shaft, together with its joint,

acts solely for the purpose of transmitting motion and is

free from any other influence. The reactive, thrust, and

braking forces are conveyed direct to a cross-bar on the

frame by means of a tube surrounding the Cardan-shaft

and triangulated bracing rods. All shocks and jolts caused

by inequalities of the road surface are taken up by this



2G0 MODERN MOTOR CAR PRACTICE

triangular brace and withstood by tlie croso-bar. The
springs on which the rear wheels are suspended are pro-

tected from reactive stresses by means of mountings

capable of rotation and located on the axle.

To the axle casing A in Fig. 113 is fitted the tube B

terminating ina ball socket c, which is mounted in a flanged

ring D fastened to the cross-bar of the frame, so that the

vertical forces or stresses are transferred to this flanged ring.

The spherical surface of the ball socket is also pressed

Fig. 114.—A diagram showing how road shocks are taken directly

by the driving shafts.

against the spherical flange by a spring e, so that the
thrust and horizontal stresses are transmitted from the
tube B, and the diagonal struts b', b-, to the ball socket
F and the flange d. The spring e, which exerts its pres-
sure upon the globular surface, also compensates for any
wear and tear, and forms an elastic link for absorbing
strains.

There are still large numbers of automobiles being con-
structed in which the driving stresses, road shocks, and
the weight of the vehicles are all taken more or less directly
by the live shafts in the axle itself.

Reference to the illustration above (Fig. 114) will



TRANSMISSION AND LIVE AXLES 261

make this form of construction clear. The axle comprises

the two symmetrical, tulip-shaped cast-steel parts g, into

which the axle-tubes r are driven and fitted with flanges

and bearings, these being plain bushes for the radial

load and ball bearings for the axial thrust. The drive is

effected by the Cardan-shaft w through the agency of the

bevei pinion z, and the bevel crown wheel p, which, by the

intercalation of the balance bevel-gear d, distributes the

differential effort to both of the live shafts ii. It will be

observed that the latter have squared ends at h', and

that correspondingly squared hubs of the road wheels are

made fast to them by the nut H^ The weight and stresses

are taken bj^ the bearing bush j and the ball bearing j'.

A further point to which attention may usefully be directed

is that the bevel pinion z is not supported at its outer, or

overhanging end, there being only a long plain bearing.

Ball and roller bearings and improved means of adjust-

inent are now generally found at this part of well-made

modern chassis and, of course, the live shafts carry no

weight.

Universal-Joints

It may be not out of place to consider some of the re-

quiremenls which a universal-joint must fulfil before pro-

ceeding to describe the general types in greater detail.

Strictly speaking the universal-joints found in motor car

transmissions arc not universal at all, but merely flexible,

and it is rather more correct to call them Cardan-joints

after the designer who first made use of them. In the

ordinary way a propeller-shaft is definitely located at one

end and at the other is only involved in limited move-

ment. Hence the joints need only have limited freedom of

movement, too, and this sf)nicwhat simplifies the problems

connected witii them. As they are mounted upon the

propeller-shaft they are necessarily high-speed components,

a fact that lias often been overlooked Ijy the more super-

ficial type of designer, for this means that they nuist be

in themselves perfectly balanced, otherwise they will give
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rise to more or less serious vibration. It also means that

any lubrication system must be very carefully considered,

owing to the liability of oil or grease to be thrown out by

centrifugal force. Universal-joints are in themselves some-

what severely stressed, and if lubrication fails they are apt

to develop slackness very rapidly, which in turn causes

rattle and further unnecessary wear and tear to all parts

concerned.

The principle point to remember in judging a universal-

joint is the fact that it has to carry a very big torque,

seeing that it is behind the gearbox. Unless, therefore,

the joint is of large diameter the pressure between the

pins and their bushes is

very considerable, and in

consequence these parts

tend to resist the move-

ment which they are

called upon to make
through the propeller-

shaft undergoing a change

in angularity, inasmuch

as a shaft or pin under

a light load is obviously

much easier to rotate

than one under a heavy load. In more modern designs

of light cars it is common to find a form of flexible coupling

which requires no lubrication at all, and, broadly speaking,

contains no working parts. This is a very valuable step

forward.

A common form of universal is the 4-point cross type,

a sketch of which is given in Fig. 115. This figure is dia-

grammatic only. The driving shaft e is furnished with

a crosshead whereof the pins rotate upon the axis ab in

a circular ring containing suitable bushes or bearings.

This ring also contains the bushes carrying the pins of a

second crosshead mounted on the driven shaft F, and in

this case the rotation is on the axis cd. These two axes

intersect in a point representing the centre of the joint,

Fm. 115,—Cross or star type of

universal-joint.
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Fig. 116.- -A joint frequently used for

clutch shafts.

and it is about this point that the propeller-shaft F is

allowed to swing.

Another type of joint, in this case one that is more suit-

able for clutch shafts, is shown in section in Fig. 116 (not

to scale). The outer

member contains four

longitudinal grooves of

semicircular section.

The inner member,

whicli is quite a loose fit

in the outer, is provided

with four hemispherical

depressions, which serve

as the seatings for as

many steel balls, which

allow freedom of move-

ment in all directions. At the same time this joint can

telescope, that is to say, the members can slide axially

relative to one another without disturljing the effective-

ness of the joint as a

universal.

A very excellent type

of flexible joint is that

which, often known as the

Hardy, is shown in Fig.

117. It consists of a ring

of rubber interwoven with

cotton fabric, leather, or

other suitable material,

bolted to two crossheads

on the driving and driven

shafts respectively, and set
Fig. 117.—The Hardy flexible joint.

at right angles, as illustrated. The shafts can move relative

to one another by virtue of the flexibility of the fabric,

though radially this is so rigid as to prevent any move-

ment as between the centres of the shafts. Providing they

are made of reasonable diameter, so that the fabric ring

is not vmduly stressed, these joints are capable of trans-
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Fig. 118.—Plunging joint, allowing a

telescopic movement.

mitting very high powers, and are actually used, though

only for the primary part of the transmission, in one of

the best-known motor omnibus chassis.

As has been previously noted, it is necessary when an

open propeller-shaft drive

/% is employed and the thrust

of the wheels is taken

through the springs, or

through radius rods, to

provide a joint which

allows the propeller-shaft

to telescope. This joint

is often called a " plung-

ing " or De Dion joint and

is of quite a simple

character. It is shown (not to scale) in Fig. 118. Inside

the outer cylindrical member are two rectangular slots, the

edges of which at each side are furnished with hardened

steel faces. Made so as to slide easily, but without shake,

in these slots are two square

" nuts " in the centre of

which are bushings sup-

porting them from a cross-

head on the tail end of the

propeller-shaft. The outer

ends of the nuts are spheri-

cal in shape and they are

therefore restrained from

moving laterally by the

outer walls of the slots. In

order to move in one direc-

tion, i.e. a rotation about

the axis ab, the crosshead pivots in the bushes of the nuts.

To move about the axis cd, the shaft causes the nuts to slide

in the slots, one nut forwards and the other nut back-

wards ; whilst for telescoping action the crosshead with

both nuts slides bodily in and out of the cylinder. A
joint of this type requires adequate lubrication. It is

Fig. 119.—The clutch shaft coupling

of a Sizaire-Berwiok car.



Fig. 120. -Plan view of chain trans-

mission.
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generally filled full of thick grease and covered by a leather

sheath, one end of which is bound to the cylinder whilst

the other is lashed to the shaft.

Chain-Drive

In Fig. 120 is given a diagrammatic representation of a
simple form of chain-

drive lay-out, such as was
commonly used on tour-

ing cars ten or fifteen

3'ears ago and is now
found in a large number
of industrial vehicletypes

.

Attached to the chassis

frame thwartwise is a

unit which combines the

gearbox and the differ-

ential together with the

two driving shafts. Each of the latter terminates in

a small sprocket through which the drive is conducted to

the rear wheel by chains. The rear wheels run loose upon
a simple " dead axle," which only has to act as a distance

piece and to support the

load upon the road

springs which are at-

tached to it.

Reference to Fig. 121,

which is a side view of the

arrangement, will show
that if the chains are to

be kept at constant ten-

sion when the rear axle

moves up and down,

any such movement must be confined to an arc struck

about the centre of the small chain sprockets. For this

purpose the axle is located by a pair of radius rods (d in

F g. 121) whose function it is to transmit the thrust of the

road AVheels to the chassis. The radius rods are ball

Fio. 121.— Side view of chain-

driven axle.
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jointed at their forward ends so that one end of the axle

may rise over a road inequaUty, whilst the other does not,

without setting up any twisting strains which would

otherwise occur. It is not absolutely necessary that the

hinge points of the radius rods should be exactly axial

with the chain sprocket centres, as providing they are

nearly coincident the amount of tightening or slackening

of the chain with upward displacement of the axle will be

very small indeed. In order to provide a means of adjust-

ing the chain tension the radius rods are each fitted with

a screw adjustment, by means of which the axle can also

be carefully aligned.

The chain sprockets on the rear wheels are fitted to

drums which contain the hand-operated emergency brakes,

whilst service brakes can be conveniently fitted to the

driving chain sprockets. In connexion with the latter

it will easily be seen that they become inoperative alto-

gether if one of the chains should break, whilst, of course,

the road wheel brakes are unaffected by such breakage.

Referring back to Fig. 120, it is not necessary that the

gearbox and differential gear should form a single unit,

as the two can be, and frequently are, entirely separate

and connected by a short propeller- shaft, upon which a

high-speed geared-up brake is conveniently mounted.
The chief objections to the open chain-drive as used

upon touring cars are, firstly, its noisiness, owing to the

peculiar sound made by the chains themselves, and also

the serious wear and tear to which the chains are sub-

jected. Their close vicinity to the side of the tyres

makes it certain that they receive showers of mud in wet
weather, Avhilst if the road is dry the oil upon their links

serves merely to collect abrasive dust. The links and
pins therefore rapidly wear slack, and the chain as a

whole lengthens to a material extent. Since the sprockets

do not in themselves lengthen in sympathy, it follows that

the chain quickly gets out of pitch with them, and al-

though, when all the working parts are new, the efficiency

of chain-drive is very high indeed, it very rapidly falls off
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in actual use. Noise is, needless to say, only accentuated

by the effects of wear and slackness.

To meet this trouble the more modern examples of

chain-drive car were nearly always fitted with chain cases,

and in some instances these cases are made to act as

radius rods. They arc, however, not entirely satisfactory,

as it is ^'cry difficult to make them absolutely water- and

grit-proof, whilst they hinder accessibility. Also in them-

selves they are liable to drum and rattle if not made of

Fig. 122.—The old chain-driven Napier and the latest model.

very heavy sheet-metal. " Silent " chains, instead of the

ordinary link and roller type, have been used in order to

promote greater transmission quietness, but having regard

to the many small disadvantages and inconveniences

which arise in its connexion it is not at aU difficult to see

why the chain-drive has almost completely disappeared from

touring car practice, more especially as modern materials and

deeper designing knowledge have enabled manufacturers to

produce live axles in which the unsprung weight is brought

reasonably low, whilst other great advantages are assured.
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It is only fair to the chain transmission to point out

that it certainly conferred the benefit of enabling changes

of gear to be fairly easily effected, though this is a point

that can be easily overrated. For this purpose, to make

an open-body chassis suitable for a heavy closed limousine

all that had to be done was the substitution of smaller

driving sprockets than the original ones, together with a

shortening or replacement of the chains.

Before resuming the consideration of live axle trans-

mission it may be noted that in the old days, although

there was to all intents and purposes a " live axle " fixed

across the frame (as shown in Fig. 120) which was nearly

always driven by bevel, there was commonly less noise

from these gears than has been known to emanate from

modern live axles. The reason is that with the chain-

drive one had two distinct steps in the gear reduction

as between the gearbox and the road wheels. Therefore

the ratio between the driving and the driven bevels was

quite small and they could more easily be made quiet in

running.

The ramifications of the subject of live axle construc-

tion are wide and of great interest. During the earlier

phases in the automobile movement few cars were endowed

with features of more absorbing attraction than the

steadily increasing advance of the Cardan- shaft drive for

cars of all powers. At one period many motor car users

were led to believe that the Cardan drive was suited only

to the propulsion of the small, light car, and that, for

30 h.p. and upwards, the twin side- chain transmission

system was the only feasible and reliable principle.

From this it will perhaps be realized that the originators

of the live axle type of construction experienced for several

years very considerable opposition. Such prejudice was

due, in part, to the then greater expense incurred in the

production of live axles, and also in part to the poor per-

formance of those axles which were constructed with

low first cost as the main object. Consequently some
years elapsed before the advantages afforded by such a
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transmission system became so marked that, gradually,

one after another among the principal constructors aban-

doned the chain-drive to replace it by the hve axle. The
old-established manufacturers were at last literally forced

to make the change, because several younger constructors,

who straightway adopted the newer sj'stem, were coming
to the front with great rapidity and were meeting with a

demand, which gained strength as it grew, for their more
progressive productions. It is only within compara-

tively recent years that great manufacturing firms, such

as those of Panhard et Levassor, Napier, and Daimler,

relinquished chains for the shaft drive.

In respect of noiselessness, a live axle is unapproached,

and no chain- drive, even when enclosed and running in oil

or grease, can as yet be arranged to equal it. It is a more

mechanical contrivance than that of chains, for it is far

freer from friction, it possesses the minimum number of

universal-joints or loose parts in motion, and it is, or can

be, totally enclosed and immersed in lubricants.

The progress of live axle construction has been so keen

that there is now little to be learned from a technical

standpoint that is not already well understood. It is

true that some makers still retain radius or torque mem-
bers, of the kind that used to be found in the side-chain

drive, to act as a stay between the back axle and the

chassis, while others shackle only the rear end of the back

springs, thereby conveying the torque through the hinges.

This method, ehminating the need for an independent

torque bar, since the rigidly fastened springs resist the

action, is now becoming the well-nigh universal practice

—in some cases even where the rear suspension is carried

out by cantilever springs.

The Differential

The differentia] is a device whereby, when a car is

travelling on a curved path, one rear wheel, on the

outer side of the curve, is allowed to outrun the other, at

the inside of the curve, whilst both receive an appropriate
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amount of driving effort. Let us assume that when

the car is travelling at 20 m.p.h. on the straight, the

rear wheels are both revolving at 180 revolutions per

minute. If now the car comes to a sharp curve whilst

maintaining its original speed, the outer wheel will have

to go faster, say 186 revolutions a minute, whilst the inner

wheel has its speed reduced to, say, 174 r.p.m. The func-

tion of the dif-

^"^ ^~1^ ferential is to en-

sure that in these

conditions the

wheels are driven

by the engine just

as positively as

before. If the

differential did

not exist, then a

certain amount of

slip would have to

take place be-

tween the tyre

and the road.

The system
most commonly
employed is that

each of the live

shafts terminates

at its innermost

end, the centre of the outer axle casing, in a small bevel

pinion. The large crown bevel wheel, which is driven by the

engine through a small bevel pinion, which is in constant

mesh with it, is mounted upon a rotating cage, or circular

casing, lying in the main axle case. This turns independently

of the axle shafts, being connected to them by a series or

cluster of smaller bevel pinions, termed star pinions.

These last are journalled on pins or studs in the rotating

cage. In other words, while the large driven bevel crown
ring is fast on the outside of the cage containing these

Fig. 123.—A view of the diSerential gear used

on the eig'ht-cj'lindered Cadillac car, 1920

type.
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smaller bevel wheels, the axle shafts are loose, but in

constant mesh with the series of star pinions aforesaid.

When the engine turns the driving gear wheels, and
the tractive resistance is equal on both of the back
wheels, the entire set of gearing turns as though it were
a solid unit : there is no other motion than that of an
equahzed positive drive from shaft to shaft. When, on
the other hand, the resistance against one of the driving
road wheels alters so that the other wheel is given a ten-

dency to rotate at a higher speed, the star pinions not
only commence to move on the pins by which they are

held in place, but

they also move
round the face of

the gear - wheels

fastened upon the

inner end of each

live shaft. This

is caused not by
the revolving of

the cage holding

the large bevel

wheel, but by the

combined in-

action or sluggishness of one road wheel and the greater

freedom of the other.

In describing a circular arc of any magnitude whatever,

since the outer road wheel must perforce revolve at greater

rate than the inner wheel, the action that occurs is exactly

like that of preventing the latter from turning, but at

the same time leaving the outer wheel free to turn.

On a straight course the geared combination described

remains immovable, consequently locking all the minor

pinions. Hence, while the tractive resistance continues

to be uniform both of the road wheels are bound to re-

volve together at equal speed. Immediately the resist-

ance increases and becomes unequal the balance gear

pinions are revolved about the pins which hold them,

Fig. 124.—A detached view of the spiral-bevel

back axle gearing used in the 1920 Vau.xhall

car.
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and thus 'one wheel turns at a slower speed than the

other.

The differential has several disadvantages both eco-

nomical and practical which have to be set against its

proved utility. In the first place it is necessarily some-

what costly, although comparatively simple to manu-
facture. In the second place it does not differentiate as

to the power delivered to the wheel, but only as to the

distance traversed by the wheel. Thus if one rear wheel

of a car is bogged whilst the other is on a firm surface

which will grip the tyre, then the differential will actually

prevent the car |being driven out under its own engine

Fig. 125.—The Crossley back axle, as fitted on the 25-30 h.p. 1920

cars, with the differential casing removed to show the crown wheel

and other details.

power. When the clutch is let in, the wheel on the road

will remain stationary whilst that in the bog spins use-

lessly round, unable to get a grip. The ideal differential

would be one which selectively passed the most of the

power transmitted through it, not to the wheel in the bog,

but to the one upon terra firma. Possibly in course of

time a differential of this character will be evolved ; in

the meantime the ordinary type about to be described

performs reasonably well all that is required 'of it. An-

other of its disadvantages, however, is that if a counter-

shaft or propeller-shaft brake is used, and one wheel is

shod with, say, a steel-studded tread whilst the other

carries a rubber tread, then if this brake is used sharply

when the car is passing over slippery wood pavement, for

instance, there will be a tendency for one wheel—that
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which grips the road surface the more effectively—to
rotate the other wheel backwards. A consideration of the
mechanism will make the reason for this common
phenomenon quite clear. One cites it as a disadvantage of
the differential because it has very largely been responsible
for the growing disappearance of the geared-up counter-
shaft brake, which had many very valuable points, not the
least of which is that it does not add to the unsprung
weight of the rear axle.

In some of the heavier types of lorry, such as the Foden
steamer, a differential is fitted, but it is so arranged that

Fig. 126.—The back axle components of the 25-h.p. Vauxhall car of the

1920 type. Note the spiral bevel gearing.

if need be it can be put out of action altogether. This

contrivance often proves very useful, as, for example, when
the vehicle is towing a heavy load up a steep and greasy

hill. There are many who believe that such a differential

lock would be of great service on ordinary cars, but it is

questionable if the cost of its installation would be worth

while.

In recent times there has been a strong movement on

the part of designers, especially those of the lighter and

cheaper classes of small car, to dispense witli the use of

the differential altogether, purely upon grounds of economy.

Many hundreds of small cars are running to-day and

giving perfect satisfaction without any differential at all,

and in many cases it is doubtful whether their owners

18
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are aware of the absence of the usual mechanism. It

has, however, long since been satisfactorily proved that

providing the tyres are of good quality and up to their

work, and providing that the car is really light—so as to

give the covers a chance to slip on the road surface with-

out tearing themselves to pieces—then it is very difficult

to find any appreciable difference in a season's tyre con-

sumption between a car with a differential and one with-

out it. Absence of a differential is said sometimes to affect

the steering unpleasantly, but this is by no means neces-

sarily the case ; whilst from what has been noted above

even if this ill in-

fluence existed it

would be at least

partially coun-

teracted by the

greater braking

efficiency of a

shaft brake when
fitted. All things

considered there

is every proba-

bility of the dif-

ferential being

eliminated from
the design of very light economy cars, but there are no signs
of its being deposed from the axles of medium and
heavy-weight cars. The differential has, from time to
time, been dispensed with in the case of special purpose
racing cars, particularly those intended for track work.

Fig. 127 illustrates diagrammatically the fundamentals of
an ordinary differential, and shows a simple form of whiffle-

tree (exactly the same as is used in modern cars for the
brake compensation gear), ab is a bar pulled through a
rope fixed to its centre, whilst the resistance to the pull
is applied to tAvo ropes one at each end of the bar. If the
resistance on each rope is the same, then when the pull is

applied the whole contrivance will move forward, all the

Fig. 127.—A diagrammatic illustration of the
fundamental principle of a balance gear.
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parts retaining their original positions. Bnt supposing
unequal loads are applied to the end ropes, one being
attached to a 4 lb. weight whicli has got to be dragged
along, whilst the other is tied to a 2 \h. weight. Then
when the centre rope is pulled forward a given distance
the 2 lb. weight will be dragged twice as far as the 4 lb.

weight. If the centre rope is pulled 6 inelies the 4 lb.

weight will move forward 4 inches, whilst the other moves
forward 8 inches. Similarly, if one end of the lever is

tied to something immovable, the other end will move
forward 12 inches.

A crude form of differential is shown diagrammatically
in Fig. 128. Here there

are two axle-shafts a and

B which terminate in

bevel pinions, both of

which mesh with a tliird

bevel pinion c which is

loosely mounted upon a

spindle cai-ried by a

circular hoop d which

can be driven by any

suitable means. If n is

driven clockwise, and

both the axle-shafts are

equally free to move, they will be driven clockwise at the

same speed as d. But if b is in any way restrained, then

c will begin to " walk round" the bevel pinion on b and

will consequently drive the shaft a faster tJian b is rotating.

In any case the speed of a added to the speed of b will

be double the speed of d. Tlius if b is held fast, d will

drive a twice as fast as it is itself rotating. Conversely,

if D is held fast, mo\'ing tlie sliaft a will rotate the shaft

B at the same speed but in the opposite direction.

In actual practice a single differential pinion is never

used, as its weight would tend to throw the axle out of

rotary balance, and it Mould cause other unequal distri-

butions of stress. As a rule, two, three, or four cHllerential

Fig. 128.—The essential components of

a differential gear of the bevel pinion

type.
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Fig. 129.- -A typical complete bevel type

differential gear.

pinions are employed, and the hoop d becomes a cage or

box which supports them. Fig. 129 shows a typical modern

differential design, though to no particular scale, as it

merely indicates

the general ar-

rangement of the

components. The
driven bevel

crown wheel is

bolted to the box

which contains

the differentia]

pinions, which

run on short

shafts fitted with

ball bearings at

each end. The
same box also contains the axle-shaft pinions with their

bearings. These pinions are not in one piece with the

shafts, but drive them through splines, or keys, so that

when the shafts are withdrawn the whole differential re-

mains an independent

piece of mechanism, and

there is no need to dis-

turb the meshing of the

various pinions. The
box runs on suitable

bearings in the axle

casing.

The bevel type of

differential is by far the

most commonly used

type, but there is

another which employs

straight pinions. It is scarcely necessary to show their

detailed lay-out, but the manner in which they are

arranged is indicated in Fig. 130. The axle-shafts terminate
in plain spur pinions A and b. A meshes with a second

Fio. 130.—Diagrammatic illustration

of a differential gear employing
straight, or spur, pinions.
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smaller pinion c, which meshes with d, and in turn d
meshes with b. The two small " planetary " pinions are,

as in the case of bevels, supported in a convenient box or

cage, which contains several pairs of them. It will be

seen from the diagram that the conditions are exactly the

same as in Fig. 128. That is to say, if the two axle-shafts

revolve at the same speed, c and d are rotated round the

big pinions Avithout moving in relation to one another,

whilst if one axle is slowed down the other will be acceler-

ated, and also that if one axle is held fast, the rotation of

the cage in which c and d are mounted will make the other

axle rotate at twice the speed of the cage.

Axle- Shafts

The shafts which transmit the power from the final

transmission gear

to the road wheels

are solid bars of

steel. As a rule

they are castel-

lated, or fluted,

at their inner

ends, to permit

them to be easily

inserted in, and

withdrawn from,

the centre pinions

of the differential

gear. At their outer ends they are conmionly furnished

with a tapered cone, whicli enables them to be rigidly

attached to the centre of the hub, to which also the road

wheel is attached.

Axles vary considerably in the manner in which the

axle- shafts are arranged. In the earlier cars it was quite

usual to find that the axle-shaft not only had to accept

the stress of transmitting the drive, but was simply ex-

tended to carry the hub and the road wheel so that it had

also to bear the weight of the car. This system of con-

Fig. 131.—In this construction the axle-shaft

carries the weight of the car.
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struction, which is now very Uttle used, is shown dia-

grammatically in Fig. 131. The axle-shaft is suspended

at each side in a couple of ball bearings placed as far as

possible apart, and one of them may even be at the end

of the shaft. It will at once be seen that in the event of

breakage of the shaft the wheel would no longer be sup-

ported and disaster would be inevitable. The axle-shaft

can, of course, be made of very great strength, so as to

be immune from the possibility of breakage, but this

involves a necessary large increase in its weight, which

from all points of view is highly undesirable.

The arrangement of the so-called " Floating Axle," dia-

grammatically de-

picted in Fig. 132,

is very much
better, although

in some respects

it may be a little

more costly to

manufacture. In

this form of con-

structionthe tubu-

lar axle sleeves

are extended to

carry the ball

bearings, upon which the hub of the road wheel is mounted.

In view of the large diameter of the sleeves it is an easy

matter to make them amjiily strong to resist any possibility

of fracture, and at the same time to keep them low in

weight. They merely support the weight of the car, and as

the attachment of the road springs is closely adjacent to

the mounting of the bearings, there is little or no bending

strain upon the sleeves, and the load upon them is cor-

respondingly light. The axle- shafts merely transmit the

driving effort, and can consequently be made considerably

lighter than would be possible if they had to bear a hand
in supporting the weight of the car.

In addition to these good points the floating axle boasts

Fig. 132.- -A floating axle. The road wheel takes

its bearing on the casing.
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several other advantages of whieh the following deserve
mention. The differential gear necessarily carries the
inner ends of the axle- shafts, and cannot be removed, with
the worm or bevel pinions, as the case may be, for pur-

poses of repair or inspection, unless the axle- shafts are

also first removed. In the non-floating design this in-

volves the complete removal of the road wheels. In
the floating system the axle- shafts—which are simply

Fig. 133.—A divided axle casing of old-fashioned design.

screwed at their outer ends to the hubs so that they can-

not rotate— can readily be withdrawn without jacking up
the wheels. In the more advanced modern designs this

principle of easy detachment is often carried to the pitch

of making it possible, without lifting the car off its road

wheels, to remove the axle-shafts, the differential gear,

and the whole of the final transmission components. The
bevel pinion and crown wheel being mounted in a cage

separate from, but attached to, the main axle easing, the

pair of them can be withdrawn completely without in

any way interfering with their adjustment relative to one

another.
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The actual construction of axle casings may be touched

upon, as throwing a side-hght upon the evolution of their

design. The older types, especially of non-floating pat-

terns, follow the lines indicated, more or less diagram-

matically in Fig. 133. Here the centre portion of the axle,

or differential casing, consists of two halves divided ver-

tically and bolted together. In this centre part the conical

sleeves, or axle tubes, are bolted, and it is obvious that to

Fig. 134.—A modern one-piece axle casing of the banjo type.

get at the contents of the whole, the two halves of the

differential casing must be taken apart ; but this cannot

be done until the wheels have been removed, the hubs with

them, and in addition the axle as a unit must be removed
entirely from the chassis.

In modern cars one very rarely finds this old form of

axle, which apart from its other drawbacks is heavy and
costly. Instead the " banjo " system of construction is

almost universally adopted in one of its many modifica-

tions. Fig. 134 illustrates a popular type. The whole of

the differential case and axle sleeves are in one piece of

steel, and enjoy the double advantage of being at once
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strong and light. At the rear side the open part of the

banjo is covered in with a cover-plate containing a suit-

able orifice, or spout, through which the axle can be

filled with lubricant, whilst in front there is a somewhat
similar, but much stronger plate, carrying integral with

it suitable housings for the ball bearings of the driving

pinion and its shaft, together with the universal- joint, if

one be used.

Another neat and popular form of construction, which

Fig. 135.—A refined type of one-piece axle casing.

owes its introduction very largely to Italian design, is

that shown in Fig. 135. Here the axle sleeves, differential

casing, and torque-tube form a single unit of smooth out-

ward form, the differential itself, together with the mount-

ing of the crown wheel, being carried upon the detachable

rear cover-plate. When the more ordinary banjo struc-

ture is used, the torque-tube forms an extension of the

front cover- plate, and is simply bolted in position.

Although standard axle design incorporates a single

reduction of gear as between the propeller- shaft and the

road wheels, there are several instances in which a second
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reduction is used. The axle is the same as those already

described, except that the axle-shafts, instead of being

attached at their outer end to the wheel hub, drive a

small pinion which in turn drives the hub. This is done

to serve a double purpose. In the first place the ratio of

gear between the propeller- shaft and the axle-shaft is con-

siderably reduced, so that the bevel-gears can be made of

much the same size. This offers certain manufacturing

benefits. Secondly, the whole of the axle, only excepting

Fig. 136.—G.W.K. double-reduction axle.

the final gear, becomes a high-speed member. The stresses

upon the bevel pinions, the differential, and the axle-

shafts themselves are therefore very considerably reduced,

and in consequence they can be made light in weight.

Since the weight of the final reduction gear comes directly,

or nearly directly, over the tyre, its presence is no serious

disadvantage. On the other hand, it has the effect of

lightening the middle part of the axle where weight is

especially objectionable.

Fig. 136 shows the arrangement of the G.W.K. double-

reduction axle. A similar type has long been in use in the

Chenard-Walcker cars.



TRANSMISSION AND LIVE AXLES 283

The De Dion type of axle is no longer found on ears

bearing that name, but there are so many axles of this

type in existence that it justifies description, especially in

view of the likelihood of its revival. In this case, as

illustrated in the diagram Fig. 137, the differential and

bevel-gear casing is not carried directly by the road

wheels, but is attached to the chassis frame. The wheel

hubs are connected by a " dead axle," somewhat similar

Fig. 137.—De Dion type axle.

to that used in chain-drive, and acting merely as a distance

piece and load carrier. Since the road wheels must have

freedom to move up and down relative to the differential

case, the axle- shafts which emerge from the latter are

provided with a universal-joint at each end, these joints

being also of the telescopic or plunging type.

The De Dion axle has the advantage of reducing to a

material extent the unsprung weight upon the back tyres,

as this is simply confined to the weight of the dead axle,

hubs, and the outer universal-joints. The rest of the

weight is sprung through being supported by the chassis.
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The disadvantage is the multipKcation of universal-joints,

and above all their use on a comparatively low-speed

member. This means that the torque which they have

to transmit is very high, hence they must be made ex-

ceedingly robust, otherwise they will suffer severely from

the effects of wear and tear. As universal-joints they

work under conditions far more secure than those of the

Fig. 138.—Chain and belt transmission as employed on a number
of small cars.

ordinary propeller- shaft universal-joint, which, of course,

is a high-speed member.

In light cars of the ultra-modest type, wherein simphcity

and cheapness in production are matters of paramount

importance, there is far more diversity of transmission

practised than in the more fully developed vehicle. Chain-

drive is quite common, in conjunction with either bevel

or belt.

Fig. 138 illustrates a usual arrangement of chain

and belt; the former transmits from the engine to a

counter- shaft, and the latter thence to the road wheels.

It will be seen that in a crude way this arrangement follows
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the lines of the original chain-drive. As a cheap form of

transmission it is not bad, the belts have a certain amount
of shock absorbing capacity, tending to make the drive

smooth, and they will not seriously suffer through the

suspension allowing the rear wheel pulleys to get out of

ahgnment with those on the counter- shaft.

In certain cases change of gear is effected by opening

and closing these driving pulleys, so as to provide within

small limits an " infinitely variable " ratio. The belts are,

Doq Clubch

g^iiiuiini^jMiu^miiMnuiimr^i

Low C|ear Chain x

Clutch

High ^ea-r Chain ^

Oocj Clutch (High ^ear enoiQecl.)

Fig. 139.—The transmission of the Morgan three-wheeler.

when used as the final part of the transmission, quite

desirably accessible, but the likelihood of their being

splashed with mud and water militates against their con-

ditions of good service. The arrangement, too, of chain

first and then belt, though convenient in many ways, is

theoretically wrong, and in several instances has l^een

quickly found to be also unpractical. It should be l)elt

first and then chain. The latter should always run at a

relatively low speed, owing to the fact that a high-speed

centrifugal force will tend to drive the chain off the

sprocket teeth, thus causing rapid wear and encouraging

the sprocket and the chain to get out of pitch with one
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another. A high-speed chain for these reasons is nearly

always both noisy and short-lived. On the other hand,

the belt runs under a particular tension of its own, cannot

get '' out of pitch," and consequently the higher the speed

at which it works the better.

Fig. 139 shows the form of transmission employed upon

the Morgan runabout. From the clutch the drive is

transmitted to a box containing a bevel-gear and a short

cross- shaft at the end of which are two chain sprockets of

different diameter. Thence chains convey the drive to

sprockets on each side of the single rear driving wheel.

Inside the bevel-gear casing is an arrangement of clutches

whereby either of the sprockets—or neither for neutral—
can be locked to the cross-shaft. This provides a very

simple and efficient combination of gearbox and trans-

mission system. In the G.N. runabout, a four-wheeler,

a somewhat similar device is employed, but in this case

three speeds forward and one reverse are provided. A
bevel driven cross- shaft carries three chain sprockets,

any of which can be separately locked to it, and open

chains transmit the drive to the solid back axle, which

has no differential. In effect, this transmission is exactly

similar.

Final Drive

The final stage of the transmission as between the pro-

peller-shaft and the axle-shafts is effected either by a

bevel- or a worm-gearing, the ratio of reduction varying

from 2\ to 1 on high-powered cars to 6 to 1 in small-

engined vehicles. Bevel-gear is the most common form

to be found in the modern car and is subject to several

types. Up till within the last year or two the plain

bevel, as illustrated in Fig 140, was predominant, but

it is rapidly being ousted by newer and more improved

designs, although it is still found upon a large number of

cars. The principal objection to the plain bevel is its

liability to become noisy. Both the driving and driven

bevels (the latter being usually called the Crown wheel)
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are made of steel, and after being machined are hardened
to resist wear. Tliis hardening process nearly always re-

sults in one or both of them becoming slightly distorted,
so that, in running, fluctuating internal stresses are set up
which manifest themselves in noise. By improvements
in hardening treatments the likelihood and the extent of
distortion are reduced considerably, but even so the trouble
has been by no means overcome, even when care is taken
to " marry" the bevels, that is, use always two together
which have been found to run well and sweetly with one
another. It will be understood that a prime cause of the
noise is the fact that the teeth of the two pinions engage
with one another in a

series of impacts, which
cannot be avoided so long

as the necessary working

clearance between the

teeth is provided for.

Without this clearance it

would be impossible to

lubricate the teeth at all,

and it is in the variation

of the clearances between

the different teeth that the ill effects of distortion after

hardening are found.

To promote a steady driving pressure with continuous

engageincnt of the teeth instead of the series of impacts

referred to, two distinct and most successful types of

bevel-gear have been evolved, which arc rapidly coming

into greater and greater popularity an account of the

fact that slight deviations from absolute accuracy in

hardening and machining do not lead to the creation of

any noticeable noise at all. The Citroen " herring bone "

gear is shown in Fig. 1 H. The teeth, it will be seen, are

of the shape of arrow-heads and are not only long, but

broad. Tliis means that their engagement is gradual,

and as tv/o or three teeth in each wheel are simultaneously

recei\'ing the pressure of the drive (for the second takes

Fio. 140.- A plain bevel pinion and
crown wlieel.
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Fia. 141.- -Herring-bone, or double-helical,

bevel-sear.

up the load before the first has finished its work), the im-

pact tendency is obviated. The drive is comparable to a

steady flow rather than to a rapid series of impulses follow-

ing upon one another.

The Gleasan bevel, which has long been a feature in

American cars and

is now being used

in increasing quan-

tities in Europe, is

somewhat similar

to the plain bevel

except that the

teeth, instead of

being straight, are

curved. Their en-

gagement, as in

the Citroen gear,

is thus progressive and the line of contact between the

teeth moves not across the tooth, as in the ordinary

bevel, but along the tooth. By this means quietness of

operation is attained, and more than that, retained even

when considerable wear

has taken place. Fig. 142

illustrates the Gleasan

bevel-gear, which is also

commonly known as the

spiral bevel. Its rapidly

increasing popularity is

to be ascril^ed to the fact

that whilst it gi\'es the de-

sirable quietness of run-

ning, it is relativelysimple

and cheapin manufacture.

One of the earliest forms of final transmission employed

in motor car design, and one which has retained a certain

amount of popularity from the very first, in spite of all

opposition, is the worm. Its introduction into car work
is principally due to Lanchester. One of the great advan-

Fio. 142.- -A spiral, or Gleasan,

bevel-gear.
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tages of the worm is that its motion is purely continuous.

There is surface contact between the driving and driven

members, instead of hne contact only, as in the case of all

kinds of bevels, and this means that even with big loads

the wear and tear is very small. Furthermore, it always

remains silent in operation, as there is at all times a com-
plete absence of impact effect. It will be observed that

the axis of the driving worm does not intersect—when
produced—with that of the driven worm-wheel. In some
ways this is a disadvantage ; in others not. The worm
axis must be placed either above or below the worm-wheel.
If the former, then the clearance between the road surface

and the bottom point of the axle casing is increased, and
for certain types of work this is most desirable. On the

other hand, when this arrangement is adopted, the worm-
gear, being at the top of the casing, is not so well supplied

with lubricant, which naturally tends to fall to the bottom ;

in addition the amount of clearance demanded in the body
design to allow the axle plenty of up-and-down movement
is liable to prove rather a nuisance with the overhead worm-
gear.

If the worm is placed below the wheel, the ground clear-

ance tends to be very small, though the best possible con-

ditions of lubrication are secured. There is, however, a

second objection which has led to the underslung worm
being, in some eases, forsaken. Since the axis of the worm is

low, it follows the propeller- shaft must be set at a consider-

able angle with the frame. In these circumstances the wear

and tear upon the universal-joints is apt to be very great,

and to avoid this some designers incline both the engine

and the gearbox so that their axes point towards the

worm axis in its normal position. In some respects this

is inconvenient, though it offers no objections which can-

not quite satisfactorily be overcome. But it will readily

be seen that where economy and ease of manufacture have

to be considered, such disadvantages are of moment.

There is little doubt that because of them many designers

preferred to adhere to the plain bevel, in spite of its in-

19
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Fig. 143.—The straight type of -n'orin.

herent defects, and having done so, they are now in a posi-

tion to derive the full advantages of the silent running

bevel-gears which have already been mentioned.

There are two distinct kinds of worm-gear, the " straight
"

and the " Lanchester " or

" Hindley." The former

is shown in Fig. 143, the

latter in Fig. 144. The

principal difference be-

tween them lies in the

cutting of the worm-

pinion, which in the

" straight " is cylindrical

in general form, whilst

being more " spool

"

shaped in the other.

There is little doubt that

of the two the Lanchester pattern is the more correct

theoretically, giving rise to a more perfect superficial

contact throughout the working parts of the pinion and

wheel. On the other hand the straight type is easier to

produce, and there is not a great deal to choose between

them in point of eflficiency

and long life. Had the

two types been allowed

to fight it out between

themselves, it is very

nearly certain that the

Lanchester worm would

ultimately have won, but

the coming of the quiet

spiral bevel has somewhat

interfered with the issue.

Worm-gear is used on a few notable cars, but it is not at

the present, and is not likely to prove in the future,

what may be fairly described as the typical back axle

transmission.

In Figs. 145 and 146 drawings are given which repre-

FiG. 144.—The Lanchester worm.
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Fig. 145.—Bevel transmission.

sent typical " lay-outs " of bevel and worm transmission
respectively. The disposition of radial and thrust ball

bearings will be noticed.

Where the worm-gear driven axle has been introduced
it has usually been on account of the recognition of its

nearly noiseless motion,

and also by reason of the

relative ease with which
the revolutions of a high-

speed engine may thereby

be geared down to the

road wheels. As this

method of gearing pos-

sesses a continuously en-

gaged, sliding action, its

motion can be rendered

more silent than that of a plain, straight-cut bevel gear.

This is chiefly due to the fact that the action of the latter

type constitutes a species of attack, engagement, and

release, as each pair of teeth comes into and goes out of

mesh. Where one spiral bevel or worm tooth engages with

another the contact made
is a continuous, sliding

action, the exactitude

being dependent upon the

quality of the design,

workmanship, and tlie

material.

Proper proportions, ac-

curate mounting of the

shafts, and proper mesh-

ing, endwise as well as

radial, are even more essential in a worm than in a bevel-

gear. Hence, although worm-gearing may still maintain

silent rotation where the axes of the right-angled shafts

have shifted, it is bound to cause extremely rapid wear

on both the worm and its wheel.

As to the relative working efficiency of worm-gear as

Fia. 146.—Worm transmission.
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applied to the live axle of a motor car, it has frequently

been alleged that a vehicle so fitted is slower in gather-

ing speed than a bevel-geared automobile. This charge

is more imaginary than real. The reason adduced in

support of the contention of tardiness in getting away is

that when the clutch is let in the pinion and worm-wheel

are pressed close together with such force that the oil is

squeezed out from between the surfaces of the two mem-
bers. As the speed of the vehicle increases, such pressure

is considered to diminish rapidly, for the lubricant perco-

lates between the threads and acceleration then becomes

facilitated.

The truth is that the worm-geared live axle must re-

ceive constant and abundant lubrication by an appropriate

oil, otherwise rapid heating and destruction occur. A
worm- pinion is always a machine-cut steel thread, the

worm-wheel being of bronze, and the two members acting

together do undoubtedly possess a tendency to squeeze

out the lubricant from between the sliding surfaces of the

threads in contact, for the pressure is axial as well as

radial. Consequently, the manufacturing engineer has

usually endeavoured to restrict as far as possible the force

of the pressure between the two members by the ex-

pedient of making their area of contact on the large

side.

The Lanchester company prefers a quick pitch for the

worm and a large area of contact between worm and

wheel. The worm-pinion is short, and is machined with

its shaft as an integral part from a solid steel bar. The
spindle is mounted upon roller bearings, the front-end

bearings being shorter than the rear. A single ball

bearing thrust is fitted at the rear of the front roller

bearing, together with a gland to obviate oil leakages.

The axle casing originally used to contain this gear was

unusual in that it was formed in two halves, flanged and
channelled and held together vertically by a large number
of bolts and nuts.

Models of the Coventry-Daimler cars have been con-



TRANSMISSION AND LIVE AXLES 293

structed with this form of gear (the globoid type) in their

hve driving axles, and in these, as in the Lanchester car,

the position of the worm is below its wheels. A peculiarity

of this worm-pinion is the shortness of its eight-thread

length ; it is mounted upon a castellated or splined shaft.

Adjustable distance pieces, formed of tubes, are fitted on

either side of the worm-pinion to maintain the distance

separating the load and thrust ball bearings, on which the

spindle is carried in its containing case. The phosphor

bronze worm-wheel ring is bolted to the balance gearcase,

upon either side of which latter ball bearing thrusts are

interposed between other ball races to take the load,

and to carry the combined worm-wheel and balance

gear.

A fair number of other constructors have since employed

the worm-geared live axle, among whom may be mentioned

the Napier and Wolseley motor car companies. In the

case of the first-named maker the straight underhung

worm was used, the worm-shaft being integral and mounted

on short roller bearings. The Wolseley Company's worm-

pinion is likewise of the underslung, parallel pattern, and

sohd with its spindle, the latter being mounted upon a

triple set of ball bearings in front, with two ball races at

the back end of the shaft, these together taking the load

and the thrust. The worm-wheel, bolted to the balance

gear, is held in pairs of load and thrust ball bearings,

the races of which are positioned between an extension of

the cage and the axle case. In the Wolseley cars the axle

barrel is built up of four parts, including a cover-plate over

the top, whereas the Napier axle was made in three main

pieces.

Another early user of the worm-drive was the firm of

Messrs. Dennis Brothers, of Guildford, in Surrey, but the

chief commodity of this factory was, and is, industrial and

public service vehicles. The system the makers now

adopt is that in which an overplaced worm-pinion rides

upon the worm-wheel.

In addition to sound metals of the highest quality and
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thoroughly accurate machining of the parts, the adequacy

of mounting is all-important in a worm-gear. It is also

usual to keep radial and thrust loads independent of each

other by furnishing a special bearing for each category

of load. Consequently, a roller bearing is used separately

for the thrust, the radial load being taken by a ball bear-

ing ; in other instances the radial bearing is on rollers.

A double thrust bearing is almost always mounted at the

shaft end and, in some cars, coned rollers are fitted to

take the radial as well as the thrust loads ; a practice

not invariably approved owing to the belief that the

gear-centres are liable to become displaced.

There are four principal methods by which shaft align-

ment is obtained. These are :

(a) Making the fit of the parts so perfect that actual

interchangeability and alignment are assured
;

(b) Threaded or like adjustment, which does not call

for such a high standard of accuracy as in the first

method
;

(c) Shims, or wafer-like hard steel washers for distance

pieces ; and

(d) Accommodation pieces.

At one time, threaded adjustment was used, but it has

been found that when the parts were taken do\vn they

could not easily and accurately be reassembled. The
adoption of shims, as mentioned in (c), is probably the

most practicable commercial method, with the accom-

modation piece (d), which is a sleeve surrounded by a

double-thrust bearing, as the best system.

With regard to the positions occupied relatively by bevel-

gears and the worm-drive, a census taken of a large

number of the leading cars on the British market in 1920

indicates in an unmistakable manner the extent to which

three different types of gearing are employed in rear, live,

driving axles. The figures that follow relate to investiga-

tions covering 77 English, 32 French, 37 American, and
8 Italian automobiles, and they also include a Belgian,

a Swiss, and a Dutch car.
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Numhey of caz-f having

Straight tooth Spiral, hehcal, or Worm-
bevel-gear herring-bone gear. gear.

81 58 19

From these figures it is apparent that the plain type of

bevel is still in the majority. There is, however, little

doubt that the future will witness its gradual disappearanee

in favour of the more efiieient spiral, helical, herring-bone,

or worm-gear.



CHAPTER XIV

FRAMES

Although rarely seen by the average owner or driver after

the body-work has been mounted, the frame of a ear is one of

the most important and one of the least costly of its com-

ponents. It is the skeleton of the ear, and upon its approxi-

mation to the ideal degree of strength must depend the

satisfactory functioning of almost every other component.

The frames of the first cars built were of timber, long

and straight-grained wood such as ash, remarkable for its

freedom from knots or other flaws, highlj^ elastic, and yet

very tough, being selected for the purpose. The two side

members and the two terminal transverse members con-

stituting the original parallelogram were mortised or

tenoned together, in addition to being reinforced with

timber or metal cross-ties here and there, while the cross-

ties also served as supports for the engine and gearbox,

thus completing the full frame. As the weight of cars

grew, to have increased the sectional dimensions of the

main frame members so as to impart adequate strength

would have made them unwieldy, hence the early con-

structors made a practice of reinforcing the side and
terminal members by means of steel flitchings, or armour
plates, generally attached to the rectangular timbers on
two sides only, but sometimes on all four sides.

The metal-reinforced timber frame was not supplanted

for many years. It was hght and strong, and possessed

a degree of elasticity which was of very real utiUty in a

period when neither axle springs nor tyres were remark-
able for their resilience. Speeds were lower than now,
certainly, but not so much lower in general usage as

would be thought. This fact is explained because twenty
29G
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years ago road-races were won at speeds of 40 miles per

hour, which is a higher speed than the majority of owner-

drivers averaged in 1920. We now have cars which will

travel at anything up to 100 miles an hour, but the per-

centage of owners who drive at anything above 40 miles

per hour is really very small, while those averaging even

40 m.p.h. are very, very few. Average speeds and tour-

ing speeds were lower at the end of last century than they

are now, so the wear and tear on frames was notably less

than it is to-day. The ultimate result was that the

jointings of the armoured-timber frames in the early cars

stood up to their work.

When the speeds began to increase, and engine power

developed, it was found, or at least presumed, that timber

frames of a strength adequate for the cars of the future

would be inconveniently large in section, therefore con-

structors began to use tubular steel frames. It is, or

should be, generally known by those interested, that the

strength of a given metal member of tubular section is

quite disproportionate to the mass of metal put into it

;

thus tubular steel frames were remarkably strong for a

given weight, and for a long term of years they were

employed with very satisfactory results. The owners of

British tube-drawing mills had, and still retain, a valuable

business with Continental car manufacturers, even in

days when the actual builders of ears in the British Isles

might be counted on the fingers of one hand. Tubular

construction persisted for some years. In the meantime

knowledge of press-work had developed, and steel frames,

pressed to channel or U-section, of reasonable strength and

moderate weight began to make their appearance. They

had the ad^'antage of freedom from the multiplicity of

brazed joints, which were a somewhat serious drawback,

constructionally speaking, to the tubular frame.

From then onward the frames of the majority of cars

were of channel section pressed steel, and these construc-

tions are still by far the most popular. There remain a

few firms who employ reinforced timber frames, but they
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are in a minority, and are almost exclusively builders of

light-weight cars. The tubular frame is rarely used,

except by builders of cycle cars.

The pressed steel construction makes a good frame

because hot metal is easily worked ; it can be bent into

almost any sha23e in the press, but cools just as the dies

Fig. 147.—The rear portion of a Sizaire-Berwiok frame.

shaped it. Further, if it be properly quenched, it is beau-

tifully tough when cool. It is easily drilled to receive the

attaching bolts, and if it should be damaged in collision

can be straightened. Frame design and even frame
material have, however, by no means reached finality.

Thanks to the originality of foreign constructors, notably
French and Americans, frames promise shortly to develop
on novel lines. Some ten years ago the Darracq Com-



Fig 148.— Representative examjiles of pres'^ed steel frames. Iviveting,

of course, is emplo3'ed for the attaeliineut of tlie cross-members

andsubfraines.
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pany made a departure by producing a stamped steel frame

which was also an undershield to protect the base-chamber

of the motor and the gearbox from injury by flying stones,

or unusually big boulders in the road.

Then came America's contribution, which showed the

ease and advantage of combining frame, undershield,

mud apron, side steps or running boards, and even wings

or mud guards, in the one stamping. Perhaps the best

example of this type of American frame, to date, is that of

the Marmon car. Those who have not access to a Marmon
may be referred to the frame of the 1920-type six-cylindered

Fig. 149.—The Armstrong-Siddeley " one-piece " frame.

Armstrong- Siddeley (Fig. 14-9), built at Coventry, which

is in many respects very similar to that of the Marmon.
At the end of 1919 the Armstrong-Siddeley Company
were still building their frames in parts and bolting them
together ; but the design is drawn out for stamping,

and when the firm had completed the installation of the

necessary stamping plant they punched out their frames

complete, in one piece.

This opens up a controversial matter. For some period

certain manufacturers boasted of the lightness of their

frames. In an age when weight reduction is highly com-



I'

Fig. 150.—Otlier views of pressed steei frames in common use by motor

manufacturers. There is no reasonable limit to frame design.
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mendable, and useless weight is more than ever to be

eUminated because of its evil influence upon running costs,

anybody who announces that he can save half a hundred-

weight on his chassis at least shows signs of good inten-

tion. Generally speaking it is good to cut weight ; but

the frame is a component from which weight must be cut

very judiciously.

Unless a car's frame is amply strong, which involves

strength with a very liberal safety-margin, trouble is

bound to follow. The light, elastic, resihent frame may
be very attractive, but in actual practice it will be found

that the nearer a car's frame approximates an absolutely

rigid structure, so strong and massive that nothing can

induce it to bend, twist or, in other words, disturb the

absolute parallelism of the two side members and the two

end members in both directions, the better that car will

behave, and the longer will be its effective life.

Some manufacturers go to great pains to provide com-

ponents, such as gearboxes, with ingenious trunnions to

neutralize frame-twist. They know that their frames are

insufficiently robust or, as they saj', " admirably elastic,"

and so they spend considerable sums of money upon
devices intended to emancipate engine and gearbox from

the disastrous effects of a twisting, warping frame, with

its four main members constantly forced out of their true

relative positions. It is difficult to understand this point

of view. The fact is that the majoritjr of designers would
still rather spend time and money producing trunnions,

swivels, ball joints, and so forth, to relieve the strain on
their engines and gearboxes, than set about the far simpler

and less expensive job of strengthening the frames.

The frame of a car is just as important as the frame of a

ship. Convention, however, teaches the designer that it is

virtuous to lighten his frame at whatever cost, and to the

best of his ability the average designer follows convention.

To continue criticism : the majority of designers point

with pride to a " clean " frame, with the minimum number
of cross-ties knitting together the side members. Cer-
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tainly the fewer cross-tics a frame is given, the prettier

it will look, but frames are not built for admiration pur-

poses pure and simple. As stated in the opening of this

chapter, they are the foundations of cars, seldom seen

when once the l)ody-work is mounted, and the essence of

the matter is that if the frame is serviceable, nobody need
worry about its appearance.

It must be plain to the veriest tyro, that, mechanically

speaking, a ladder with six rounds in a length of six feet

will be more robust than one with equally massive sides but

only three rounds in the same length. This premise being

granted, does it not also apply to car frames ? Therefore,

the more cross-ties a frame is given, the more closely will

Fig. 131.—Typical modern frame construction on a lieavy-weight car.

it approximate to the true ideal of an absolutely rigid,

inelastic structure, so rigid that no reasonable pressure or

stress can conceivably force it out of its original shape, even

when applied at one corner, as, for example, when only

one wheel of the four strikes a boulder or other inequality.

It must neither tend to stretch cornerwisc, that is, to

lengthen diagonally, as though an oblong were being con-

verted into a diamond shape, nor to twist, so that one

of its four external members or sides is temporarily on a

higher plane than are the others.

If the motorist says :
" What is to happen when my

nearside fore wheel strikes a boulder, on a second-class,

unrolled road ? " the answer is that boulders must be

accommodated by the springs attaching the axles, and

therefore the wheels, to the frame. The springs are con-
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fessedly and professedly elastic members ; their whole

business is to give and take ; they are expected to receive

assistance from the air-cushions surrounding the tyres ;

but their whole and exclusive duty as springs is to insulfite

the body of the car, and its occupants, from the shocks

arising when the wheels encounter inequalities of road

surface, met with at speed. Admittedly this puts rather

an onerous duty upon springs, but if they are not pre-

destined to that duty, and even designed and built for it,

why do they exist ?

To return to frames. No matter whether these com-

ponents are built up of timber, steel tube, channel-section

pressed steel, or sheet-steel, pressed or stamped into a

frame, and many other odds and ends, they must be so

robust, so strong, so rigid, so uncompromisingly inelastic

that nothing likely to be met with in service will ever alter

their form, even momentarily. Until a car's frame attains

this ideal and is rock-solid, its designer has yet to learn

the exact functions of the component, and therefore his

obvious, plain duty as the man who brings it into existence.

There are channel-section, box-section, and tubular

cross-ties. Each has its particular virtues. Here again,

however, the conventions of design are at variance with

theory. The cross members of the frame, from the fore-

most to the rearmost, theoretically if not actually, should

be of exactly the same gauge, section, and mass as the

main members. This suggests great weight, for which

there seems no remedy. The desideratum, being absolute

rigidity, it is obvious that a frame which has, say, two
side members, two end members, and four cross-ties, built

up of eight pieces of steel, all of one section and gauge, will

be more rigid than one built up of eight pieces, four of

which are only half as massive as the other four.

The designer has for too long looked upon the car frame

as a part of little importance. If real progress is to be

made, this failing must be eliminated. The frame is called

upon to withstand all the vicissitudes to which cars are

subject, and it must be built to do so. Within reason, it
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cannot be too strong and rigid. Whatever other charge
may be laid at the door of the motor car designer, he will

never be accused of giving too much strength in actual
service. He looks upon his product as a thing of beauty,
he ponders over its fine lines, but he rarely assures him-
self that his frame will stand up to the strains and stresses

to which it will be subjected in actual service.

His car and its frame must be designed for traveUing
at the maximum speed, over the roughest of roads, in the

hands of the careless, inconsiderate driver. A little fore-

Fic. 152.—The novel girder frame construction u:-ed in the Enfipld-

Allday car with a five-cylindered air-cooled radial-type engine. The
frame led to various other unusual constructions in regard to the

suspension system, axles, and the mounting of the gearbox.

thought will result in the elimination of the flimsy frames

which are only too familiar. Instead, makers will pro-

vide frames strong enough to stand up to the worst treat-

ment they are likely to receive. It must be admitted,

however, that the practical application of these theories

is not at all an easy matter. The designer must confine

the weight within reasonable limits and, further, he

cannot achieve a solid steel structure for the reason that,

although the frame must be of a nature to withstand

severe shocks, it has also to serve as a house for the engine,

transmission, coachwork, and axles. The foregoing

illustrations supply an excellent idea of the great variety

of frames now available to the motor car manufacturer,

20
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who, as a general rule, is not a frame builder in his own

works, but buys these components from some speciaHst

concern. The latter, being only too anxious to retain

customers, are generally very ready to supply specially

built frames to the exclusive designs supphed by their

chents.



CHAPTER XV

FRONT AXLES

In the early cars the front axle was, as the illustration

overleaf of an old-fashioned motor car axle shows,

ordinarily of solid section, approximately rectangular or

round, in iron or steel, closely resembling the type of axle

associated with horse-drawn carriages. The axle ends

were wide jaws, to which the stub axles holding the wheels

were jointed by pins passing through them vertically.

The wheel centres had plain bushes revolving on plain

journals. For the lighter types of motor cars the same
system was adopted, but the solid jaws were inserted in,

or embraced by, the ends of a straight or curved steel

tube to form the front axle. Subsequently plain bearings

for the stub axles were replaced by ball bearings, and a

later development was the provision of ball races so

disposed as to take the end-thrust as well as the radial

load.

Some fifteen years ago the American Winton car had

its front axle made from a casting of manganese bronze.

In the course of time there were further improvements,

chiefly in that the solid I-section axle came to be preferred

by constructors. A drop forged axle beam became the

vogue, and this was carried early to a high state of per-

fection by manufacturers of such cars as the Rolls-Royce.

In another machine, the Coventry-Daimler, the front

axle was made from a bar of steel milled to an I-cross

section.

Front axles are to-day practically of two main kinds,

comprising tubular, on to or over which the solid jaw-ends

or eyes are fitted by the shrinking, ))razing, or pinning
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processes, and the solid forging. The former type of axle

is now confined principally to light chassis of the less

expensive sort, the majority of automobiles having a solid

I-beam, or fluted section axle, made either from a drop

forging or a stamping. In several American and some

European cars the jaws continue to form an integral part

of the main axle, but a preponderating number of modern

chassis have the jaws arranged to constitute part of the

stub axles or steering swivels.

Formerly the shape of the front axle was considerably

bent or arched at more than one point, but modern prac-

tice follows the plan of providing an axle which is flat,

or nearly so, from spring-pad to spring-pad, with a sharp

upward cranking therefrom to the steering swivels. On

Fig. 153.—A typical front axle nf the older type.

the other hand, some axles are straight from pivot to pivot,

with the stub axles suspended above, thereby avoiding

the necessity for yoke-ends or open jaws on either portion

of the axle as a whole.

A type of front axle used upon a few Italian and other

European cars consists of a Q-shape pressed sheet-steel

centre portion, on the ends of which solid bearing pieces

for the swivels are riveted.

The leading axle of the Ford car may be cited as an

example of an exceptionally light-weight beam axle. Its

steering pivots are unusually small, and the axle is held

in position by radius rods, a practice followed in part by

some of the earlier light cars, such as the single-cylinder and

older 8 h.p. Rover. In the new Albert car the front axle,

although shackled to quarter elliptic springs, has no

tie-rods or radius bars. Ordinarily the front springs are
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fastened above their axle, but in the 40 h.p. Lanehester

car the I-beam front axle is mounted above the springs,

the latter being suspended beneath it.

The front axle ends of the new Armstrong-Siddeley

chassis are extended to reach close to the wheel discs, and

at right angles to the axle there arc vertical pillars con-

taining two bronze bushes and a ball-thrust washer in

which the swivel pins arc held. The heads of the latter

are hollow and conical, while the stub axle is solid with the

wheel hub, and it lies within the conical part wherein it

turns externally on a self-aligning journal and thrust

bearing ; internally there is a l)all bearing. In this

Fig. 154.—The ft-ont axle of the 25 h.p. Vauxhall has the inclined steering

pivots completely enclosed.

manner the steering pivots are centred with the centres

of the wheels so that the steering motion is an easy one.

Where the front spring is of the single transverse-in-

verted type, as in the Ford and early Rover and several

other cars, it is necessary to stay the front axle by means

of radius rods. It is also to be said that those chassis

which have front wheel brakes would be rendered more

secure by the provision of short tie-bars hinged at a con-

venient stationary part of the frame. On the front axle

of the Lagonda car below the single spring and parallel

with the axle a bar is hinged to one end of the axle and

the opposite side frame member, the aim of the designer

being to prevent a rolling action of the vehicle when it is

being steered.

The leading type of front axle for small, as well as large,

motor vehicles is that constructed with a sohd I-beam,
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the ends having the eyes integral therewith. The stub

axle is the part provided with forks or jaws, having holes

whieh fit over the eyes on the stationary member, the two

parts being secured by a pin passing through their centres.

Generally, the holes in the jaw, as well as the eyes, are

bushed, but ball-thrust and load bearings are employed

to an increasing extent. These are placed above and

below the eyes, and in addition the road wheel is arranged

Fig. 153.—A view of the Willys Overland car, showing how the transverse

front springs are mounted on the axle. The axle itself is an outstanding

example of how strength may be achieved mthout undue weight.

to revolve upon two rows of radial ball bearings. Further

improvement has been effected by adding a ball-thrust

washer to take the lateral pressure, which is heavy in a

large car. In some cases two sets of tapered roller bear-

ings of the American Timken type are employed at this

part of the axle, ball bearings thus being superseded.

A grease or oil cup is usually fitted at the top end of the

pin to provide for lubi-ication and, in some instances, the

pin itself is drilled out in order that oil may reach the

Avorking surfaces. This plan, again, has been carried
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further by the drilHng of the interior part of the stub axle

so that oil may pereolate into the wheel bearings.

The pronouneed construetional tendency is for the axis

of the steering pivots and the road wheel eentres to con-

verge towards a common centre at

the point of contact of the tyre

with the road surface. This

affords easy manipulation of the

steering gear and at the same
time serves to render the front

wheels in some measure self-

tracking, or in other words the

wheels tend to preserve a straight

course at all periods when the

driver is not moving the hand

wheel. On the other hand, the

dished disc wheel, which is rapidly becoming more popular,

allows the centre lines to coincide, because the steering

pivots can be extended close inside the wheel and up to

its vertical centre line. This feature is well exemplified

by the characteristics of the Armstrong-Siddeley front

axle arrangement.

Fig. 156 —A detailed view of

a stub axle, completely

enclosed, and fitted with a

ball valve oiler, held in the

closed position by a spring.
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CHAPTER XVI

STEERING GEARS

Wheel steering devices may be divided into two main

classes, namely, the non-reversible and the reversible. The

requirements for a practicable steering mechanism are that

there should be but httle lost motion and that, in the

event of the wheels of a vehicle meeting with an obstacle,

they are not deflected unduly from their course. While

new, the action of the average steering gear is unexcep-

tionable, but after a time the various members of the gear

itself, as well as the pins and joints of the controlling rods

and levers, become worn.

A reversible type of steering gear is the rack-and-pinion,

the rack being linked to the steering arm and meshed with

the geared pinion, which is sometimes a segment and not

a complete wheel. A mechanical eqviivalent is the bevel

wheel steering gear, which, when suitably proportioned,

does not wear excessively at first. This is chiefly due

to the fact that, as it is not irreversible, the oscillation of

the car and the road shocks do not stress the gear very

greatly because it " gives" to such motion as is thereby set

up. On the other hand, the shocks are conveyed directly

to the steering wheel, with the result that the driver is

inconvenienced.

The irreversible steering gears ordinarily in use are

either of a worm engaging with a worm-wheel or quadrant,

or with a square-threaded shank working in a sleeve or

nut, which in turn engages a bell crank that moves the

steering link. Continental motor cars were early provided

with the worm-and-quadrant type of steering mechanism,

which, as already mentioned, is perfectly satisfactory

until wear takes place. When the thread and tooth sur-
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faces of the worm and worm-wheel respectively begin to

wear, an appreciable amount of slack or back-lasli is

experienced, and this increases the longer the readjust-

ment of the gears is delayed. Such lost motion renders

the steering action sluggish and less positive. For these

reasons the threaded shank and sleeve, or nut mechanism,

is preferred by several constructors, since the liability to

wear is comparatively slight where a substantial thread

is cut and the nut is of suitable length. One of the first

European niakcrs to use this form of steering gear was

Roehet-Schneider.

At an early date in the automobile movement many
constructors believed a bevel-geared steering motion to

be better than other alternatives, such as the rack-and-

pinion apparatus. This view was held because any

reduction required may be obtained by the use of bevels

of different diameters and, further, the whole mechanism

can be completely encased. The arrangement of this

system is such that at the lower end of the hand wheel

shaft a bevel- pinion is fitted to mesh with a corresponding

bevel-wheel mounted in the gearbox. The second bevel-

wheel is secured to the steering arm that is linked to the

steering pivots. As previously mentioned, this type of

steering apj^aratus is not irreversible and is consequently

met with very rarely, and only upon cars of the cheapest

sort.

A closely allied form of steering mechanism is the plain

rack-and-pinion gear, which is similar to the bevel-gear

just described, but wherein the bevel-wheel is replaced

by a spur pinion that engages with a rack, which, in turn,

is connected to a link-rod to move the steering arm.

One of the most simple forms of steering apparatus is

the Avire cable-and-ljoblDin type, in which the front wheels

are connected to a cable that is passed around a bobbin.

The hand wheel steering shaft is in connexion with the

bobbin, Avhich it rotates, and in doing so it winds the

cable to and fro around the bobbin, thereby communi-

cating the steering motion to the front wheels. This con-
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trivance is merely an adaptation of the winding drum,

well known to machinery users. As it is necessarily a

crude apphance it has only of late been applied to a few

vehicles of the lighter types, where primary costs are the

main consideration, but in the early days of motoring

comparatively heavy cars were so fitted.

With regard to the jointed rods of steering mechanism,
it was at one time erroneously thought by some designers

that there would be a return to the original front position

for the tie-bar, owing to its theoretically better situation

before the axle, as well as the greater ease with which the

Fig. 157.—Thf steering j^illar, with box and arm, as fitted to one of the

most successful eight-cylindered cars of 1920.

joints could be lubricated and adjusted. There is no

question that ball-and-socket connexions of the links

require to be well made for security, and the most improved

means should be adopted to ensure the ability to take up
wear. The universal motion furnished bj^ ball-and-socket

couplings might with advantage be provided to the

exclusion of fork-and-pin joints, but a form of safety

catch or the like ought to be obligatory where spring-

backed cups are used to hold ball ends.

External joints in the linkage of steering gears are not

easily lubricated, and many cars have no better provision

than strapped-on leather jackets filled with grease. At
the best, this is a rough-and-ready method of lubrication.

A small number of automobiles have been equipped with
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a system for oiling the chassis completely, in respect of

all its moving parts. The fringe of this subject was
attacked bj;- Renault a good many years ago, and one or

two newcomers to the industry have gone a step farther

in this laudable endeavour. Even so, it is doubtful

whether the linked connexions between the steering box
and the swivels could adequately be lubricated from what
may be termed a magazine oiler. The most satisfactory

system yet devised is, therefore, an oil cup to every external

joint, which should be replenished at frequent intervals.

The generality of steering gears comprise a hardened
steel worm meshed with a bronze worm-wheel or worm-
quadrant, the semi-rotating action of the latter conveying

the motion, through two levers and a link, to the steering

wheels. In other words, by this means the steering

wheels can be turned through the requisite number of

degrees of a circle. The worm moves the worm-wheel

through the arc of a circle of greater or lesser magnitude,

and consequently presses the worm-shaft against one side

of its bearings. Although this pressure can be taken by
plain bushes it is, of course, better for the worm to ride

in adjustable ball or roller bearings, which should so be

disposed as to take both load and thrust. The worm-
wheel, or quadrant, as the case may be, should be held in

similar bearings.

The employment of a complete worm-wheel, instead of

a quadrant, is now common, the advantage being that it

affords three fresh working surfaces which can be brought

into use as wear takes place. This is a practicable feature,

heretofore long lacking from ear construction, but it may
be pointed out that the wear of the worm itself obviously

cannot be taken up in the same manner, so that a certain

amount of slackness may be present even when a fresh

quarter-circle of the A\'orm-wheel has been turned towards

the worm. However, as the latter is of a hard steel as

compared with the softer bronze of the worm-wheel, the

extent of the wear that occurs in due course is greater

on the worm-wheel than on the worm.
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The amount of adjustment thus furnished is not large,

sinee provision for taking up slack is only made in the

case of the worm-wheel or quadrant, and not on the worm
itself. Rubbing friction is greater upon the middle

portion of the series of threads engaged on the worm-

wheel than at either end of the quarter-circle which it

describes, because steering is much more frequent through

constantly repeated small angles than through extreme

angles, as when the road wheels are turned full lock.

In consequence of the average thread-shape and the

action of this form of gearing the present tendency is for

the two members to separate from each other, which

results in the bushes wearing oval in time. When the wear

has become excessive the interposing between the mem-
bers of a fresh portion of the worm-wheel is only a partial

remedy for the slackness. Hence, additional adjustment

is required by the renewal of the bushes. To avoid such

a necessity, the worm threads can be cut on an involute

curve, thereby rendering them similar to a straight rack,

having an inclination of approximately 75°, rather than

curves, to the bottom of the threads.

By this method, even when two gear members are worn
at the top of their threads, " bottoming," or, in other

words, meshing too deeply, will not occur. Combined
with this particular form of thread-shaping the worm-
wheel bearings should be fitted in eccentric bushes, which

at once permit an adequate and rapid means of adjust-

ment, provided that the arrangements for locking the

bushes in position are effective.

Steering mechanism of the worm-geared type is gener-

ally termed irreversible, by which is meant that, though
the worm can turn the worm-wheel the latter cannot

move the former. It therefore corresponds to an eccentric

sheave, the rod of which cannot be driven ; and actually,

eccentric steering gears, familiar to the engineer, have been
employed for automobile steering. In a number of steer-

ing gears, the pitch of the gear, as compared with its

diametrical proportions, is on the large side, so that if,
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for example, the thread angle is made 45° to the centre
of its axis, the worm-wheel can tnrn the worm-pinion and
its action will not be irreversible.

As the end of the external lever carried by the worm-
shaft moves through a circular arc in a vertical path,
and since the corresponding lever attached to the stub
axle has a similar motion, but in a horizontal plane, or

nearly so, it is obhgatory for the coupling- bar or rod of

these levers to be able to work with a universal or shghtly

twisting action. As a rule, this requirement is met by
using the ball ends at the extremities of the levers, over

which are fitted screw-threaded, adjustable, hard steel

cups on the ends of the tubular coupling-rod. To avoid

the risk, which might be present after much wear, of the

rear end of the coupling-rod becoming disconnected,

the ball end of the worm-wheel lever is cranked at a

right angle, or fitted with a bolted-on, horizontal ball

piece, so that the coupling-bar cannot then readily become
separated from it.

Both compression and tension stresses are withstood

by the oscillation of road shocks, while the cups or cones

holding the ball ends are kept in place by small coiled

springs located behind them. The ball ends are in this

way held in their cups with a certain amount of flexibility.

Such springs require strength sufficient to enable the

steering movement to be transmitted without over-com-

pression, and yet they must not be so incompressible as

to fail to act as a miniature buffer when the road wheels

receive oscillatory shocks, for that would cause lost

motion. And in a well-designed mechanism the spring

action should be such as to resist shocks in both direc-

tions.

The tie-bar which connects the short arms or leaves

of the steering swivels is generally arranged with fork or

yoke-ends, and so forms a kind of universal-joint. Their

bearings and pins should be hardened because a good

deal of strain is thrown upon this connecting-rod. Accord-

ingly, the best principle is that in which the rod is fur-
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nished with ball and cup ends, so permitting a universal

motion where it is much needed.

The swivel arms on the stub axles, which are an essen-

tial component in the Ackermann hnk motion, which is

the principle most widely employed, should, according to

numerous designers, comply with the following conditions

for accuracy in steering. Imaginary horizontal lines

drawn through the stub axle centres ought to intersect

along a horizontal line through the rear axle centre, such

intersecting point being, theoretically, the pivot on which

the vehicle turns. In other quarters, it is preferred to

make the intersecting point in front of the rear axle at a

distance therefrom equal, approximately, to one-third of

the wheel-base. To attain to this requirement the axis of

that leading wheel nearest to this common centre point

has to be revolved through an angle of greater magnitude

than that of its fellow wheel. But very many cars do not

conform to this geometrical proposition, and some con-

structors hold that the proper position for the tie-bar is

in front of the axle because thereby the theoretical con-

ditions just outlined are considered easier to accomplish.

Further discussion of the mathematical side of this sub-

ject is unnecessary, and it may be explained that the tie-

bar formerly in front has long been removed, in the

majority of automobiles, to a position behind and parallel

with the axle, in order to protect it from the liability of

fracture or bending in the event of a collision, and gener-

ally to render it unobtrusive. It may be added that it is

within the bounds of practical mechanics to ensure a cor-

rect steering lay-out, according to the theoretical ideal,

with the tie-bar before or behind the axle. Further, the

coupling-bar between swivel and worm-shaft lever is, in

a few cases, situated diagonally, extending from the

right-hand side of the chassis to the left.

It will be obvious that on rough road surfaces the lead-

ing wheels oscillate with more or less violence, which sets

up considerable wear on the joints and steering heads.

In consequence of this fact the arc through which the
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Fio. 158.—The customarj' arrangement

of front springs. The shackle is at

the rear.

front axle moves is in opposition to the arc described by
the steering arm, and when the springs are deflected the
steering action is affected by such spring movement. In
the accompanying
drawing (Fig. 158) the

/^/fl'
customary arrange-
ment of the front

springs is shown, where-

in the arc b of the axle

is struck from the front

end A of the spring, the

arc D of the steering

arm being struck from
the end c of the steer-

ing lever to which it

is connected by the

steering rod.

Some ten years ago the De Dion Bouton Automobile

Company introduced a rearrangement of the parts so as

to overcome this defect. This is illustrated by the second

drawing (Eig. 159),

which indicates the

means that were
adopted. The spring

shackle is fitted at the

front end of the spring,

and, as the arc b is

struck from the rear

end A of the spring, it

coincides, approximate-

ly throughout its move-

ment, with the arc d

of the steering arm.

Consequent upon this

the steering action is affected only to a slight extent, for

it is not impaired by the spring deflection, and relatively

little oscillation is transmitted to the lever of the worm-
wheel. It also affords the advantage of placing the

Fig. 159.— The innovation introduced by
De Dion Bouton.



320 MODERN MOTOR CAR PRACTICE

steering gearbox above, instead of below, the frame of the

car. The use of this method has been confined, so far,

to the French car mentioned.

A few cars, principally of American origin, have had

apphed to them the castor type of steering pivot, but

this mode has not yet come into common use. A form of

castor-pivot steering motion is employed in the 1920

Beardmore car. As has already been explained, the

plan of having a fixed front and moving rear shackle on

the front springs causes the axle, and consequently the

tie-bar, to describe a circular arc, the coupling-bar there-

fore being pushed backwards by such motion. The

strains imposed are excessive, and the steering is not so

easy as it otherwise might be. Especially is this so

where the centres of the steering pivots and the tyres

do not coincide.

The procedure of splaying or canting the front wheels

of a car is therefore reasonable, in that, in addition to

rendering the steering easier, the stresses upon the axle

pivots are reduced. Where, however, the length of the

steering levers exceeds the distance between the wheel

centre and the pi^'ot, a strain is liable to be tlirown upon

the tie-bar.

Angularly set steering pivots are frequently adopted

in modern practice. By this method the front wheels are

canted outwardly to obtain a common centre, and, as

each steering head is inclined in the opposite direction, a

line drawn through each would meet at the point of con-

tact of the tyre with the road. This setting at an angle

results in bringing about a self-centring movement of

the front wheels, so that, if left free, their tendency is to

maintain a straight course. Although this action is

advantageous it would be inadvisable to dispense with

irreversibility of the steering gear.

The steering gear mechanism that is found in the Ford

car is different from the worm reduction gear generally

employed. In this gear the sun-and-planet, or epicyclic

system, is utilized, and, contrary to tlie usual practice, it
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is mounted in a box immediately beneath the steering

wheel. This box, which has a removable cover-plate, and
in which the gears are lubricated with grease, is a circular

casing, the inner periphery thereof being formed with
internally-cut spur teeth. This spur ring gears with a

series of four pinions, one of which is mounted centrally

and the remaining three surround it. These are carried

in studs on a triangular plate which is secured to the

steering column, and the central pinion is attached to the

steering wheel. When the latter is turned it revolves the

centre pinion, wliich causes the trio of planetary pinions

to travel round the internally- cut gear of the casing. The
planetary gears rotate in a direction opposite to that of

the hand wheel, while the plate to which they are attached

revolves in the same direction but at a slower speed.

This action affords a kind of give-and-take leverage to

the steering wheels.

The limitations of steering mechanism are not confined

to the worm and worm-wheel or worm-quadrant system.

A typical specimen of what is known as the worm-and-nut

principle is furnished by the steering gear fitted to the

German Adler car. A brief description will suffice to

make the principle easily understood. This gear is made
in the form of a screwed spindle steering mechanism,

having an automatic locking action, an arrangement of

the parts which tends to reduce the effect of wear. The
hand wheel transmits the revolving motion through its

steering shaft to a screwed piece, which, in its turn, moves
a nut in an axial direction. The nut engages, by means

of a bolt, with a steering arm that is mounted on a pin

in the usual manner. Irreversibility is provided for by the

internally-threaded nut, which can move axially and is in

mesh with a similarly (externally) threaded portion sur-

rounding the wheel steering shaft.

Another form of the worm-and-nut steering mechanism

is that in which the lower end of the wheel shaft has a

worm fixed or formed upon it. This is embraced by a

block having corresponding threads cut on its internal

21
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surface. On part of its exterior surface there is a rack,

and this engages with a spur pinion. Rotation of the

hand wheel causes the worm to shift the rack back and

forth, thereby giving a semi-rotary motion to the steering

arm upon which the spur pinion is fastened.

The French Malicet et Bhn works produced many years

ago a form of the cam-and-roller steering mechanism, in

order to dispense wth the ordinary worm-gear. In this

device the wheel steering shaft terminated at its lower

Fig. 160.—The Maries steering gear. A side elevation showing the hard-

over position.

end in a double cam. This cam is enclosed in a semi-

globular two-part casing, one part of which is stationary

and the other movable. To the sides of the lower casing

rollers are mounted, to abut against the cam. As the

hand Avheel is turned it rotates the cam, which, conse-

quently, moves the lower case, together with the steering

arm to which it is attached, through the arc of a circle,

to give the steering motion required.

The Maries steering mechanism, recently introduced, is

a development of the same principle ; and the makers
express the view that this style of device will oust the
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customary worm steering gear. At present it is fitted to

the Ruston-Hornsby car, the Carron, and an assembled

car called the Varley-Woods, amongst others. Its advent

has created some interest in motoring circles.

The device consists essentially of a pair of opposed,

sharp pointed cams, which are mounted at the bottom
end of the steering post. In contact with these cams is a

pair of ball bearing rollers that are mounted on or integral

with a short shaft parallel with the steering post. Movmted
between the rollers on the short shaft is the steering lever,

fastened in a hole at one end of which is a pin passing

through it at right angles to the cams and rollers.

The resultant rolling action of the cams, moved by the

hand wheel on the steering post, causes one cam to turn

tlie steering arm in one direction while the other cam
turns it in the opposite direction. Like its forerunner,

the Malicet et Blin type, there are in this mechanism cams

and rollers without toothed gearing. Consequently, it is

claimed that friction is reduced to such an extent that

back-lash is eliminated and lubrication rendered unneces-

sary. But, of course, all improvements upon well-known

principles, as in the present case, must stand the test of

time before general acceptance. It is Time that, in all

such gearless varieties of steering mechanism, is the test

of the movement of a rolling action, but it should be

remembered that in this case there is pressure to be encoun-

tered. It is possible that the Maries device may attain

popularity if it proves ultimately as trustworthj' as its

sponsors claim, and if it can be produced more cheaply

than the worm steering gear, which seems quite possible.

A variation of the screw-and-nut steering gear, familiar

to marine engineers, has been used, tliis comprising a right

and left-hand V-threaded worm, working within a nut

split in halves, and so forming two screw slide-blocks.

The motion is transmitted to a pivoted tumbler, having

roller bearing surfaces, by the upward and downward

movement of the divided nut, one block ascending as the

other travels downwards and presses upon the roller foot
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of the tumbler. This latter has the steering fastened^to

its shaft in the ordinary manner. Adjustment for wear

is made by means of V-wedges interposed between the

wall of the steering box and the split nut.

The position of the steering gearbox and its arm is now

in process of being altered.

There is a definite ten-

dency towards rendering

the steering post suitable

for variation of its in-

clination at different

angles in accordance with

the requirements of

different drivers. The

practice of placing the

bracket which holds the

box and column upon the top lip of

the frame member is also beginning to

be followed extensively. This arrange-

ment brings the steering arm external

to the frame, and it does away with

the need for drilling large holes in the

chassis, which naturally reduces its

strength at a point where strains are

comparatively severe.

A long chassis with a large engine

involves a steering pillar of consider-

able length, and as its bottom passes

laterally across the motor its position

has the drawback of preventing easy

approach to the engine. The usual position in which the

steering box bracket is mounted is on the frame, but in

some recent cars, such as the eight-cylinder Talbot-

Darracq, the steering mechanism is supported by the engine

and gearbox unit.

The better arrangement is that introduced in the early

Londonia car, and lately revived in the eight-cylinder

Bellanger and some other Continental automobiles. Even

^•^^
Fig. 161.—A vertical

steering pillar facili-

tates access to the

engine.
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so, the original double telescopic motion, whereby both

the angular and vertical positions of the steering pillar

could be adjusted, docs not yet appear to have been

adopted. As the illustration shows, the steering mechan-

ism referred to consists of a short upright column at the

upper end of which the hand wheel steering pillar is

mounted at an angle. The position of the gearbox at the

top instead of at the foot of the columns is an excellent

point, for it penults extreme ease of approach for adjust-

ment and lubrication. It will be observed that both the

vertical column and the hand wheel pillar are telescopic,

so that they nray l)e lengthened or shortened. It will also

be noticed that the ball-ended steering arm moves in a

horizontal plane.



CHAPTER XVII

BRAKES

At an early period of the automobile movement many
cars were provided with an internal expanding or exter-

nally contracting brake situated innnediately in front

of the bevel driving pinion on the live axle casing. In

the course of time the position of this intermediate or

gear brake was changed, its situation being removed to

the rear end of the gearshaft, behind the gearbox.

During the past six years there has arisen a further

change in that a strong tendency is evident in favour of

the entire abolition of any brake between the gearbox and

the back axle. In other words, it has been sought to

dispense with any brake interposed in the transmission

system. This trend, although of British origin, being the

plan early carried out by one of our longest-established

automobile engineers, was followed extensively in the

United States of America, not so much on account of its

inherent merit as for reasons of manufacturing conveni-

ence.

The system of constructing the motor as a unit with the

change-speed gearbox, in America, has for several years

been a pronounced feature there, and it is a characteristic

increasingly evident among a large number of modern
English-built cars. At one period, also, some American
automobiles were built with the change-speed gearbox

carried by the back axle, an arrangement which requires

special means to be devised for the incorporation of a

transmission brake therewith. A further obstacle to the

furnishing of a Cardan brake, either behind the gearbox

or before tlie live axle, was experienced where a torque

member was utilized. •

326



BRAKES 327

It was not long, therefore, before the Transatlantic con-

structors, largely following a fashion set in Britain, aban-

doned the use of a Cardan lirake. An important result

of this alteration was the doubling of the capacity of the

braking effort at the rear wheel hubs by the general

adoption of a pair of contractible or band brakes on the

exterior periphery of the rear wheel brake drums, in addi-

tion to the already existing expansible pair within.

A few European makers, such as Auto-Carriers Ltd., of

Thames Ditton, Surrey, who used a combination of the

live axle with the change-speed gear, extended the gear-

shaft to project rearwardly. On this extension a drum
was arranged to contain an expanding ring, or a pair of

expansible shoes. An advantage of this system is the

ease of approach to the brake for the purposes of adjust-

ment or renewal, but it has never obtained general applica-

tion to the motor car.

It is tolerably assured that the gear brake, variously

termed the Cardan, transmission, service, running, or foot

brake, is not now likely to survive for any length of time

so far as the majority of cars are concerned. In the

main this is due to the widespread adoption of the engine

and gear unit system, the awkwardness or difficulty of

accommodating a brake in such a construction, and the

recognition that untoward stresses are thrown upon the

gearing. The most mechanically satisfactory and most

logical plan is to make provision for applying the braking

action to the nearest possible point at which the progress

of the vehicle may be arrested, namely, the road wheels.

Lastly, it is actually less expensive, on a quantity basis,

to produce and assemble two sets of twin brakes in the

rear wheel drums than it is to manufacture an independent

transmission brake.

The most marked advantage of a Cardan brake is that

it is well compensated, l^ecause its action takes place

through the balance gear of the live axle, which brings

about a greater pressure, or retarding leverage, upon the

»wheels. Within certain limits this means that such a
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brake, although having smaller frictional surfaces than a

brake of corresponding dimensions at the wheel hubs, is

relatively more powerful. As regards the objectionable

features of a transmission brake, it should be understood

that, since the drum rotates at a ratio of approximately

three or four to one of the road wheel speed, the frictional

velocity between it and its shoe is comparatively high.

Such velocity occasions rapid heating and wear of the

surfaces in contact, and a brake of this kind, especially

when, as is usual, it is operated by a pedal, is almost

constantly being applied and released. Its repeated

application is, therefore, bound to cause excessive wear.

An example set by the Continental manufacturer has

been the adoption of brake drums of large diameter and

wide periphery. This increase in size ensures greater

efficiency and longer life, without adjustment or renewal

of the friction surfaces being required ; and in order to

carry away the heat generated—also, incidentally, to

strengthen the rubbing surface of the drum—a series of

thin external flanges, similar to the radiating fins around

an air-cooled engine cylinder, has been incorporated with

the drum.

This practice of cooling fins has long been applied by
some manufacturers to the Cardan-shaft brake, to the

ring or shoes when eontractible, and to the drum when
the shoes are arranged so as to be expansible within it,

but tlic dimensions in general are more restricted at the

centre of a chassis than at the road wheel centres; also

if the diameter of a Cardan brake be enlarged, the speed

at the drum periphery is augmented, which increases the

gravity of the objection already referred to. In or near

the centre part of this type of brake the forward Cardan
joint is frequently fitted, and the lubricating oil, exuding

not only from the bearings of the gearbox but from the

joint itself, is carried on to the brake surfaces, with
obviously detrimental results. Reahzing that the ease

with which the foot brake on the Cardan-shaft is operated

is a prolific source of over-rapid wear, some constructors
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have coupled it to the lever, reversing the more customary
procedure, and linking the rear wheel brakes to the pedal.

Even so, this scarcely overcomes the faults inherent in a

Cardan brake as such.

There is, then, a decided tendency towards the exten-

sive employment of two sets of brakes working within

drums on the rear wlieels, a method which not only sim-

phfics the constructional system, but also avoids the

dangers of brakes acting upon an intermediate gearshaft

and not directly on the wheel, of excessive pressures on
such geared
shafts, of strains

upon the balance

gear-wheels, and

on the propeller-

shaft knuckle-
joint or joints.

It has often

been claimed
that the gear-

shaft brake is de-

sirable in that it

has tlie property

of f)rcventing

skidding of the

vehicle, but no

practical tests have pro\-ed the accuracy of this contention.

It is evident that the dii'Ierence, if any such there be, can

only be so slight as to be negligible, inasmuch as, whether

the balance gear dilTcrentiates the drive to the rear road

wheels by resistance or by relati\'e time, all cars possess

an identical tendency to skid sideways whenever the co-

efficient of friction on one wheel as compared with its

fellow becomes altered. And, as has been shown, with a

Cardan-shaft brake the life of the gearing in the trans-

mission and live axle alike, and of the universal-joints

also, is Ijound to be shortened. It is necessary to take

into consideration the whole of the gears, joints, shafts, and

Fig 1G2.—Thin fins ai'e cast or machined on the

brake thuia for coohng piuposes.
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journals behind the engine and the axle because of the

stresses imposed upon them by this form of brake, whereas,

in the case of the brakes taking effect upon the rear wheel

hubs, the strains put upon the members mentioned can

be ignored.

Some twelve years ago considerable attention was

directed to the subject of that style of brake system in

which brakes are arranged to act upon the leading wheel

hubs, in addition to those at the rear wheel hubs. The

following is the case as put forward on l^ehalf of this

system by its sponsors. First of all, it is claimed that

side-skidding is rendered impossible, in spite of the brakes

being applied when a car is traversing a slippery surface.

Skidding through any other cause is arrested instantane-

ously, the rear wheels of the car being restored to their

original course. The braking effort is at least doubled

and, for an emergency, an extra independent set of brakes

is at hand. The conveyance of the braking effort through

the balance gear, as the greatest source of wear and tear

on the transmission mechanism, is eliminated. Excep-

tionally smooth brake operation is accomplished notwith-

standing harsh application b}' the driver, and, by reason

of this characteristic, wearing of the tyres is greatly re-

duced.

It might be considered that any one of the advantages

just enumerated affords sufficient reason for the general

adoption of brakes on all four wheels, and the combina-

tion of the benefits named might appear to be overwhelm-

ing evidence in their favour. One of the most important

considerations is, however, to determine how these advan-

tages can be obtained without incurring a serious draw-

back in the form of interference with tlie steering linkage.

This is, admittedly, a difficult problem with which to deal

effectively.

In the course of numerous attempts, it has been said

that the fundamental principles were for long undis-

covered, but now the solution of the difficulty is declared

to be simply that for practicable front wheel brakes the
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steering pivot and the brake must be in tiie same axis.

In other words, the motion of steering and the action of

braking must occur upon one and the same axial Hne,

which is that of the steering pivot. Any deviation from

this Hne causes a diverging movement of the brake

mechanism and the brakes on the steering wheels. In

order to permit such alteration of the relative positions,

the operating mechanism is obliged constantly to become
extended or shortened with every steering motion. Even
if this variation were allowed for, with the brakes out of

use it would practicably be impossible when the front

wheel Ijrakes were applied, since the operating mechanism
would then be drawn out to an inextensible limit, and

the requisite extension for steering could not take

place.

From this deduction it is manifest that where the brake

mechanism aiid the steering wheels turn upon a single

axis their relative positions must remain constant. An-

other proijerty essential to a satisfactory steering wheel

brake sj^stem is that complete independence of movement

must be maintained between steered and braked com-

ponents respectively. A further essential is that the axis

of the steering pivot must coincide with the line along

or round which the operation of the brake mechanism is

effected. The front wheel type of brake has been arranged

to act simultaneously with those at the rear, or to come

into operation diagonally—that is, one brake operating

in a front wheel, say on the right, and another at, say, the

left-hand back wheel hub, or to operate independently of

the rear wheel brakes.

The rapidly growing popularity of the deeply dished

disc wheel has paved tlie way to a sound rear axle im-

provement, inasmuch as it permits the brake drums to

be placed inside the road wheel, thus obviating the inward

overhang of the drums. This is of special importance on

account of the increasing European tendency to widen

the pcripherv of the drum, in order to accommodate two

pairs of brake shoes in each wheel. In the new cars, such
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as those of the Armstroiig-Siddeley and the De Dion Bouton,

this construction is seen to much advantage.

Touching the promised revival of front wheel brakes,

the disc wheel is also advantageous in respect of the front

axle. In order to render front wheel brakes successful

as well as secure, it has been argued by many specialists

in the subject that the correct method is the adoption of

Fig. 163.—The air-cooled transmission brake of a large touring car.

the pivotal steering system in connexion therewith. This

demand is answered by arranging the hub of the wheel

so that the stub a.xle is reversed ; that is to say, the stub

axle and the brake drum are solid with the wheel, which

rotates upon such stub axle, the brake shoes being ex-

panded inside the drum as usual. The centre of the

pivot is also the centre of the wheel, this being the essential

feature of the construction. Neither the wire-spoked

wheel nor the artillery type lends itself so readily to this

requirement as the dished disc wheel.
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A very common practice in American-made cars is to
employ contractible brakes on tlie rear wheel drums, both
the foot and the hand sets acting on the hubs. Such

Fig. 164.—The brake drums o+' a modern car, sliowing cooling ribs and

operating rods.

brakes would ajapear to have justified expectations, for,

notwithstanding the fact that they are in an exposed

position and liable to collect mud, dust, moisture, and grit,

they may be said to remain trustworthy in service and their

efficiency seems unimpaired and tolerably free from
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rattling noises. The manufacturing costs of this style

of brake mechanism are not expensive, the component

parts being interchangeable, and therefore not costly to

produce and assemble. Consequently the wisdom of

European constructors may be questioned in making an

indifferent imitation of a correctly proportioned internal

expanding shoe brake, especially of that type which is

operated by a double-peaked cam. The amount of the

effective cam motion is necessarily restricted, and it de-

mands generally that the frictional surfaces of the shoes

be hardened. A renewable bush should also be furnished

for the spindle, for the absence of either or both of these

features rapidly allows looseness, and therefore affects

the safety of the brake. Correct construction also re-

quires that this type of brake should be provided with

renewable shoes that are adjustable, both jointly and

independently, but only in the more expensive cars are

such characteristics usually available.

Lack of equal bearing surface of the shoes on the in-

terior of the drum periphery is responsible for excessive

wear, especially in respect of the gearshaft brake. Such

eccentric contact places a heavy stress upon the gearbox,

particularly in those cases where the box itself carries

the fulcrum-pivot of the brake. This is liable to affect

the gearshafts and, by rendering them loose in their

journals, to set up noise. A contractible or band brake,

which is generally more or less a flexible steel ribbon, is

more easily arranged to embrace the drum, .and conse-

quently to ensure an even pressure and frictional surface.

Where suitable precavition is taken to overcome rattle the

band brake is thoroughly reliable, other things being equal.

The exceedingly numerous links, pins, and joints in more
than a few latter-day automobiles are costly to make and
expensive to maintain in proper condition.

It is instructive to show the type of gearshaft brake

which was originally used in the early models of the De
Dion Bouton cars. This brake is of a true railway or

calliper pattern, and its advantages will become apparent
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from an inspection of the drawing (Fig. 165) and perusal

of the description furnished herewith. In the figure, a is

the brake shoes, b being the adjusting or pinching screws

tlierefor, c is the calhper arms carrying the brake

shoes A, and the pivot points of the calhper arc shown

at D. The brake drum is at e, f is the local adjusting

rods, the pivot point of the crank is indicated at g, and

H is the bell crank which operates both of the callipers,

which last are coupled by the link j, the vertical rod on

the right is the operating rod, and the pair of brackets at

D, forming the points of anchorage for the calhpcrs, are

carried by a transverse member of

the chassis. It will, therefore, be pj « ->-—,

noticed that the brake comiDonents kH^ 'ik\ A^!^

are not supported upon the gear- ^/S^"^^^
box itself. ^/^'^5!5S^==^^

Details specially worthy of ob- O^ '^^"xMil
servation are that this brake

Jq!4l( (Q)/7]jJ:
furnishes ready means of setting UIS^)\^^^jy/^B

the curve of the shoes, so that they \jA ^f-^.^,.,lH

may be truly concentric with the OS^;^;^^^^^^^^^^^

axle of the drum. The system

also obviates side pressure upon the Fig. 165.—An early Do Dion

gearshaft because the shoes advance gearshaft brake.

upon, and recede from, the drum

simultaneously. The motion of the callipers and the shoes

is regulated by a rocking-lever moving round a stud fitted

in the gearbox wall, to which a pair of rods, passing through

two blocks on each calhper, are jointed. This prmciple

imparts to the callipers an equal movement, thereby

ensuring simultaneous action upon both sides of the drum,

and preventing lateral pressure. The rods aforesaid (f)

are screw-threaded, and furnished with lock-nuts, which

facilitate the setting of the shoes at equal distances from

the drum centre.

The centrahzing of the curvature of the shoes, and

their adjustment at equal distances from the drum centre,

are effected when the brake is assembled. The method of
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adjustment common to both by the screwed hnk rod (j),

which is movable for that purpose by a fly-nut, in addi-

tion to the four adjusting screws (b), is very thorough.

Thus there arc no less than three independent and separate

forms of adjustment, namely, local adjustability for each

of the calliper arms (c), for each shoe by a pair of lock-

nut screws (b), and for both of the callipers together by

the threaded link (j) which couples them.

Apart from the plain spoon or tire brake, as seen on

horse-drawn vehicles, the most elementary form of brake

consists of a drum encircled by a flexible metal band or

strap. This band is a steel strap, of the same width as

its drum, and lined with leather, canvas, fabric, metal

and asbestos compounds, soft or hard metal segments or

the like, to augment the frictional efliciency. One end of

the strap is fixed to a stationary point, the opposite ex-

tremity being connected to a lever or pedal. When, by

the apphcation of the lever or pedal, the band is con-

tracted, the friction thereby induced between strap and

drum causes the wheel on which the brake is mounted to

slow down in its motion gradualljf, or to stop abruptly,

according to the tension at the ends of the band. And
since the drum rotates in the same direction as that in

which the pulling effort is exerted upon the free end of

the band, the frictional power is ipso Jacto increased. It

will be understood that in the event of the drum revolving

in the reverse direction, as when a vehicle travels back-

wards, the band possesses a tendency to spring apart

from the drum because the frictional effect between the

two members is in opposition to the tension effect at the

free end of the strap. This comes about because the force

of this form of brake is single-acting, and is operative

only when the drum turns in the direction indicated.

The difference in power between the two directions of

rotation depends upon the co-efficient of friction of the

strap and drum and the angle of contact. When the

band almost encircles the entire periphery of the drum
the force is augmented without taking into account the
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nature of the material with which the band may be

lined.

In order that a road wheel may be retarded with equal

certainty in a forward as well as a rearward direction, a

double-acting brake is employed. This is brought about

in a most simple manner, for it is only necessary to inter-

pose a fulcrum lever in a certain way, namely, by securing

the extremities of the strap to either side of the pivot

point of such a lever. The arms of the lever are so pro-

portioned that when tension is exerted upon the strap,

that point on its circumference where the opposing strains

meet, which is at the centre of the angle of contact, is in

equilibrium. Hence, the drum cannot revolve in either

direction when the band is applied to stop a vehicle.

The block brake is also double-acting, being in effect

a modification of the locomotive engine's tyre brake, but

it is not employed upon the wheels of motor vehicles be-

cause of the eccentric or side pressure which it exerts upon

the axle. As it is essential that such unnecessary side

pressure be avoided, two blocks, that is to say, two inwardly

or outwardly acting shoes, are used, and are secured to

the centre of two curved levers, pivoted at their lower

extremes and linked at their upper or open ends by a

tie-rod and bell crank lever.

The principle of the expansible or contractible shoe or

ring brake is based upon that of the double-acting band

brake, inasmuch as the pressure or tension respectively

is apphed to the extremities of the two levers or arms,

which replace the strap of the band brake. A pair of ex-

panding shoes, concentric with and enclosed within their

drum, is the form preferred in all modern automobiles. A
sheet metal disc is arranged to act as a cover-plate on the

open side of the drum, so that the shoes and the operating

mechanism are protected from the ingress of foreign

matter. While it is thus compact, the brake is not in-

variably easy to adjust, the pivots are not readily lubri-

cated, and there is a liability to overheating.

The general arrangement of the parts witliin the drum

22
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is that the expansible shoes are opened by a cam or wedge

action, and pulled away to the "off" position by heUcal

springs. An alternative method is that the open ends

of the shoes are coupled through two toggle levers and a

link to a bell crank, the latter being pivoted to the axle,

so that a pull-on action to the crank applies the brake.

The centre portion of the shoes is supported by a short rod

serving to bear the tangential effort of the shoes imposed

by the friction set up.

A brake upon each of the driving wheels is necessary,

and it is also requisite that each brake should act with

equal pressure on the rubbing surface of the drum. As

the two brakes are always operated through a single

lever or pedal, some form of mechanism which will pro-

vide an equalizing effort is needed. In elaborate systems

a small balance gear motion has been furnished, but the

effect required is that of a balance beam, and very many
different interpretations of that principle have been carried

into practice. On the other hand, wire cables instead of

rods offer a ready automatically-eompensating movement

by the provision of a deep grooved pulley lead with a

head guard to maintain the cable in position. Provided

that the necessary cleats and leads are of correct radius,

many consider the cable-operated brake to be more trust-

worthy and durable than coupling rods and linkage, and

the adjustment of the former is regarded as more easy

by the use of thimbles and pinching pieces.

The general practice is, however, for the brake rods to

be connected to two transverse rods, secured to the frame

by a pair of short levers, at their outer ends. In the

middle of the frame, at the inner ends of the transverse

rods, a pair of levers is fitted so as to be connected

through short links, to the opposite extremities of a

balance beam. A rod, coujaled to the middle of this

beam and to the shaft of a lever or pedal, controls the

brake, and the combined action imparts an eqvialized pres-

sure upon the mechanism of each brake shoe.

Brake power is most effective when applied at the
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periphery of a driving wheel, as seen, for instance, in

locomotive engine practice, and the efficiency is increased
as the speed of the part on which the pressure is exerted
increases. As remarked elsewhere, when the Ijraking effort

is dehvered through the differential gear, and the surface

of the road is conducive to slipping of the wheels, the
power is affected seriously. Under such conditions, not
only is the brake power sometimes rendered a negligible

quantity, but also any inequality of the effort of the back
wheel iDrakes causes a marked tendency to side-skidding.

Seeing, then, that the action of an intermediate gear-

shaft brake is likely to prove useless upon an emergency,
besides lieing detrimental to the gearing and universal-

joints, it is clear that the l^rakcs should properly take
effect directly upon the road wheels. It is also clear that

an equalized retardation of both driving wheels is neces-

sary to ensure safety.

Of the materials employed for lining the friction surface

of the brake shoes, whereas leather, canvas, or the like

is worn away too rapidly or charred by tlie heat gener-

ated, plain fibre is harsh enough to wear out the drum
in a short space of time. There is little doubt but that

metal-to-metal brakes afford the greatest measure of

security, yet some of the various fabric or fabric-and-

metal comijosition linings are satisfactory, although they

are, of course, subjected to \-ery consideral:)le heating.

In this connexion, clearly, external (_)r Isand brakes are

the more readily cooled. It niay also be recorded that

various systems of the apjjlication of water-cooling to

brakes have been introduced from time to time, but none

can be regarded as trustwortliy, while all involve unneces-

sary complication.

A typical American-made brake system is that adopted

in the lay-out of the Chandler car. The brakes are of the

dual and flexible strap sort, that is, there is one pair of

internally expansible brakes within the drums, the outer

pair being of the externally contractiblc kind. Their

friction surfaces are lined with a special fabric composi-
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tion, and the means of equalization and adjustment are

exterior to the drums.

Methods of adjusting brake mechanisms for wear are

many and varied. The levers that operate the two sets

of cam-opened brake shoes within the drums of the rear

wheels on the Hampton car are connected to coupling-

rods, the rear ends of which are provided with wing-

nuts, while the arms to which these coupling rods are

linked are capable of being clamped in position at any

point upon the quadrant-ended cam levers, which have

a serrated edge for that special purpose. As wear

takes place, the toes of the cams can thus be caused to

change their points of working contact with the brake

shoes.

In the radial-engined Enfield-Allday car (Fig. 152), the

Cardan- shaft brake behind the gearbox is linked to the

hand lever. This is the brake used for emergencies and

locking the wheels when the car is left stationary. The

running brakes are those situated in the rear wheel drums ;

and the manufacturer's opinion is that :
" This disposi-

tion of the brakes is the most effectual arrangement, the

service brakes or those in general use being those fitted

at the road wheel hubs, whilst for use in an emergency

the brake called upon should be of greater quickness of

action than hub brakes can possibly be, due to their rela-

tively slow surface speed. By making the emergency

brake that in which the brake drum revolves at a higher

speed than the road wheels, much greater gripping effort

is obtainable within a given period of time."

At the present time there are signs indicative of a re-

introduction of the front wheel brake system. In this

connexion, it is possible that such a mechanism possesses

beneficial results, but it undoubtedly calls for skilful

interpretation, as well as careful use by the driver. It is

more suitable for powerful cars than light vehicles, and,

as a fact, it is employed almost wholly on high-speed

automobiles. Upon a slippery road surface the applica-

tion of a braking effort at the front wheels may accen-
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tuate a skid, regardless of whether the brakes be put on
gently or violently. Further, it is necessary to call atten-

tion to the point that the generahty of front springs and
axles are not intended to offer the requisite resistance to

the twisting action that occurs with the pressure of the

shoes on the brake drums. This torsional action, when
the pressure exerted is strong, is heavy, and produces a

bending effort on the pivots. Where the braking action

is of equal force upon all the wheels, the stresses imparted

to the front axle are greater than those received by the

rear axle for two reasons, namely, that the front axle

and its spring suspension are of lighter construction, and
that the vehicle is given a tendency to swerve around the

contact-line between the road and the leading wheels,

because the centre of gravity is affected.

In the Delage car the front wheel brake system utilized

is constructed on the Perrot principle originally adapted

to the Argyll car. The steering pivots are inclined, so

that their axis coincides with the point of contact of the

tyre with the ground. In addition to a ball bearing

thrust there is a double ball bearing above and below

the axle. The dimensions of the brakes are alike for

all four wheels, and all are controlled by a single pedal.

Behind the gearbox there is a Cardan-shaft brake, which

is intended to hold the car when stationary. The equaliza-

tion of the brake pull is carried out, not by the more

conventional balance beam, but by a small balance gear.

The brake-rods to the steering arms of the front wheels

are external to the side-members of the chassis, and to

avert whipping they are provided with a small knuckle-

joint, their centre being carried by a ball-and-socket joint.

The Hispano-Suiza is another car having a modern four-

wheel braking system (Fig. 166). In this machine a pedal

applies all the brakes simultaneously, while a hand lever

can also be employed for the application of the rear wheel

brakes solely. Should any one control rod become fractured

on the front wheels, for example, it will not interfere

with the braking of the back wheels. The front brakes
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are worked through cables. As to its brake sj^stem, this

car has a further feature, namely, a brake-compensating

device of a special character. This is so arranged that

the speed of the vehicle varies the braking effort, a light

depression of the foot lever at high speed affording a

greater retarding effect than that of a heavier pressure

on the pedal when the car is traveUing at a slower pace.

The brake-rods are coupled to a shaft on which a pair

of brake shoes is arranged to work against the inner

periphery of a drum that is revolved by a skew gear oft

the Cardan-shaft behind the gearbox. When the vehicle

is in motion tlie drum is in constant motion also, and the

Fig, 166.—In adflition to their utility the front wheel brakes in the

Hispano-Suiza give it a very pleasing and well-balanced appearance.

contact of the shoes within it tends to carry the brake

shaft round with it ; this imparts a preliminary pressure

to the brakes. Failure of this apparatus does not affect

the brake mechanism proper, as the hand brakes operate

independently in the rear wheel drums.

In the Spanish-made Elizalde car the pedal operates,

with simultaneous action, two sets of brakes on the front

and rear wheels, there being also a lever for applying the

rear wheel brakes independently. Front and rear wheel
brakes are fitted to the new Bellanger eight-cylinder,

French-built car. Each set is operated by one of a pair

of pedals located close together, so that the driver's foot

can depress one or other or both.

A very practicable brake mechanism is that of the



BRAKES 343

original German-made Adler car. The illustration, which
is reproduced from Armstrong's Motor, shows clearly that
there is a bent lever pivoted to an arm from the axle,

tension on which lever causes the

conical member to bear against

rollers on the ends of the divided

ring, which is thus pressed against

the inner face of the drum. The
ring is pulled automatically to the

off position by the coiled spring

shoAvn, and is held in its pivot by
an arm from the axle.

In some models of the Peugeot

cars the rear Avheel brake was of

the kind illustrated by the drawing

(Fig. 168), this mechanism being

more or less typical of the practice in many other auto-

mobiles. The lever through the double-nosed cam expands

the shoes within tlie drum. The shoes are drawn off the

drum face by the springs shown ; and adjustability is

Fig. 167.—Adler brake

mechanism.

Fig. 168.—Typical Hotclikiss cam-operated rear wlieel

brake mechanism.

provided by fitting the lever to its cam-shaft by a serrated

fixing.

Reference to the original Hotchkiss brake system

(Fig. 168) will afford a plain understanding of the principles

adopted widely in respect of rear wheel brake mechanism.

From the illustration of the latter it is seen that the shoes
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M pivoted on an arm within the drum s are apphed by a

pulling effort on the lever l. The rod connecting the lever

and shoes is adjustable, and helical springs return the

shoes to the " Off " position. N is a cam operated by the

lever l.

The Cardan-shaft brake of the Peugeot automobile, also

shown (Fig. 169), typifies the generality of contractible

shoe brake systems as applied to motor car purposes.

Here it is seen that a tubular rod supports the open upper

ends of the shoes m surrounding the drum u . The tubular

rod is embraced by a spring r abutting against the knees

of the distance set-screws e and E,

which keep the shoes in the "Off"
position from the drum. They are

operated by a lever in the usual

manner.

In the Hotchkiss, Peugeot, and a

large number of other European and

American automobiles the brake con-

trol rods are rendered adjustable by
means of an internal, right and left-

hand, screw-threaded barrel or sleeve,

which is furnished with a spider grip

or tommy-bar. A slotted spring-clip

is fitted to hold the barrel, and the clip is hinged to one
of the squared rod ends, which prevents the barrel from
rotating. The illustration in the lower part of Fig. 169

shows the Hotchkiss system clearly.

The Lancia car has an adjustable cable for the equaliza-

tion of the band brakes. The D.F.P. car possesses a

somewhat exceptional style of Cardan-shaft brake, inas-

much as there is a band brake behind the gearbox, which
is provided with a small helical spring for the purpose of

keeping the band extended to clear the drum when not
in use.

A few remarks upon some of the more important fea-

tures affecting brake construction may now be made.
Since the system of two sets of brakes mounted in the

Fig. 169.—Lay-out of

Cardan-shaft brake.
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interior of drums fastened to tlie rear wheel hubs is l)eing

adopted to an increasing extent by the nianufaeturers of

old-estabhshed, as well as new makes of cars, simplicity

in the mode of carrying the principle into effect is of

very great importance. Moreover, the principle is one
that lends itself readily to economical manufacture with-

out detriment to its efliciency. The two sets of shoes

should be of exactly identical dimensions and similar in

every respect, so as actually to be interchangeable with-

out difficultj'. They should be easy of approach for

adjustment, renewal, or removal. A shaft within a sleeve

can be arranged so as to work the respective cam-shafts

or wedges on one and tlic same axis. This method of

construction reduces the number of bearings, shafts, rods,

and other component parts which are required to be em-

ployed in the case of diametrically opposed cam-shafts.

As to the drums, there is no reason why they, like the

shoes, should not be lined with a friction-material facing,

to be removed easily when worn.

The American style of double or inside-and-outside

rear wheel brakes, especially as to the outer band member,

has a tendency to binding, generally because the exposed

spindles do not receive adequate lubrication. The bind-

ing effect is so pronounced that the release springs are

often not strong enough to overcome its resistance. This

causes heating of the brake drum, which brings about

rapid wear upon its surface and that of the brake bands,

and it also destroys the lubricant for the axle.

The efficiency of cam-operated brake shoes depends

upon their adjustment relative to the cams, and the

radius of action of the latter is small as a general rule,

The pull-ofi springs should be strong and sharp in opera-

tion. It is to be observed that the expansible shoe brake,

having a eonmion fulcrum pivot, produces an elliptical

and not a circular motion. External shoe brakes of the

railway type, with separate pivots, can be arranged to

give a true circular contact with the drum.

Nowadays brake shoes are lined generally with fabric
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woven with metal or asbestos, though cast iron Hners are

sometimes used. The shoes themselves are malleable

iron or steel castings, or else stampings. Drums are

generally of iron or steel ; in other cases they are steel

pressings. Concentric drums, with two sets of shoes,

each of different diameter, are not to be recommended,

principally because they are over-hable to become heated.

Screw-threaded rods, having joints and pins, are gener-

ally in favour as the connecting medium between brake

and operating lever, a few manufacturers using wire cables,

while a small minority adopt steel ribbons or straps of the

style incorporated in the Panhard-Levassor automobile.

It is interesting to conclude by noticing that in one of

the leading English-made cars, the Coventrj'-Daimler, con-

tractible band brakes are used, the straps of those operat-

ing on the outside periphery of the rear wheel drums being

faced with fabric, while the Cardan-shaft brake is lined

with steel. Another unusual feature is that these brakes

are pushed forward and not pulled back for operation.

The manufacturers' argument in fa^'our of their own as

opposed to the more orthodox arrangement, is that with

the push-forward lever the back of the driving seat forms

an abutment for the exertion of pressure on the pedal

and lever simultaneousl3^ With the pull-on brake the

pedal itself forms an abutment when pulling the lever.

Both sj'stenis are effective when properly arranged, neither

having any inherent superiority. The direct operation

of the foot brake upon the rear wheels is also a method
still adhered to by the Daimler Company, who say that

the basis of their system is due to its intrinsic merit, as well

as to the employment of the rear springs to perform the

office of torque bars and radius rods.

A modification of the new Hispano-Suiza servo brake

system was employed in the French Mors car some fifteen

years ago. This was an auxiliary foot brake, the brake

band being anchored to the compensating bar of the

rear wheel brakes instead of to the chassis itself. When
pressure is put upon the foot brake it exerts an indirect
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effort on the brakes of the rear wheel drums, and they,

having already been applied, are thus assisted to become
more effective. As the rear wheel brakes begin to operate

and retard the progress of the vehicle, the auxiliary brake,

being on the countershaft, ceases its action. The leading

principle of the device is, therefore, that the preliminary

braking effort in an emergency is aided by the extra

pressure received from the auxiliary brake.

From season to season improvement of brake mechanism
has been the order of the day, primarily on account of the

increasing speed and weight of automobiles. This has

brought about augmentation of the dimensions of the

brakes, a practice not restricted to that of the Cardan-

shaft, but also extended to the rear wheel brakes. Some
machines have been produced with two foot brakes applied

by separate pedals, others, in the majority, having the

two brakes operated by a single pedal lever. The rule

followed generally is for the employment of a single foot

brake of the hinged shoe pattern, some cars, however,

having internally expanding shoes or rings.

As regards rear wheel brakes, applied commonly by
means of a lever, the position of which appears gradually

but nevertheless certainly to be changing from the side to

the centre of the chassis, these are mostly of the expansion

shoe type. So far as concerns cars of European manu-

facture this latter type prevails. The details of such

brakes have been worked out in very many different ways,

one of the principal aids to improvement being the adop-

tion, by various methods, of adjusting screws and nuts,

whereby the shoes can be made to work efficiently for

lengthy periods before renewal becomes necessary. This

practice, which does not call for special tools, and which

affords instantaneous self-locking of the adjusting parts,

is one that is now very general, and to the average user

it is an advantage of no little importance.



CHAPTER XVIII

WHEELS

A WIDE experience of inf)t()riug and study of tlie records

of racing (which, strange as it may seem, began as soon

as there were any cars to speak of) combine to suggest

that there is no decided opinion as to which is the best

type of wheel cither for present use or on the car of the

future. In the dawn of automobihsm the wheel generally

favoured was of the wire-spoked type, the spokes running

direct from the hub to the rim, or felloe, carrying the tyre

of solid rubber, or the practically solid type known as

the cushion tyre, with a small-bore hollow interior. The

pneumatic tyre was in existence before the advent of

trustworthy motor vehicles, but it was so very unreliable

a means of easing progress that cyclists were by no means

agreed as to its utility, so that it was not sufficiently well

established to merit adoption by motorists.

As cars developed, however, they attained speeds which

made the use of solid or cushion tyres undesirable.

Simultaneously the development of the pneumatic tyre

was proceeding, and as its dimensions grew, wheels built

of timber came into use, with a metallic tyre-carrying rim

mounted outside the wooden felloe, or rim proper. Thus

for the first decade of serious motoring a timber-built

wheel was universally employed. It was simply the ordin-

ary wheelwright's production of those days, until somebody
conceived the idea of using hub-plates of the type found on

gun carriage wheels, to give enhanced security and strength

to the junction of inner spoke-ends and hub. Thus the

stage of the artillery wheel was attained. It still persists,

to all intents and purposes absolutely unchanged since the

adoption of the artillery hub-plates.

348
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This is a very good wheel, if its design, material, and

manufacture are of the best. It is certainly somewhat

liable to climatic influences. Obviously, being of timber,

it tends to shrink in hot, dry weather, and to expand in

wet weather ; but in very few cases has this contraction

and expansion been known to bring aliout disaster, or

indeed anything more serious than creaking, as the timber
" works." Given an amply strong steel rim, l^inding the

Fig. 170.—a -Wolseley car built in ISil.";. wliicli is still m existence in 1921.

Kote tiif tangential wires si)okes.

wooden components together, t!ie timber wheel is a sound,

trustworthy job. There is a douljt, however, whether the

type would have persisted so long but for the early influence

of the coachbuilder on the motor industry. With very

few exceptions the first motor dealers in all countries were

primarily coachbuilders. They have their idiosyncrasies,

one being to use timber wherever possible, and so year

after year wooden wheels wei'e fitted.

It will probably never Ix' satisfactorily decided which

looks best—a well-designed wooden wheel or one of the
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wire-spoked variety. Racing at once influenced the matter,

when it was proved that a wire-spoked wheel with spokes

set tangentially, as are the spokes of all modern wire wheels,

would withstand an amount of ill-treatment which would

be fatal to a timber-built wheel. As racing speeds increased

and corners were taken at greater and ever greater speeds,

there were heavier and more dangerous bumps in cornermg.

It was found that one racing driver, on wire wheels, could

B'ifi. 171 —This " Voiturette " built by the Wolseley Company won a

1,000 mile Royal Automobile Club test. Note the sprockets for the

chain-drive and the tiller steering.

cannon against a corner-stone without injury, while a

bump of the same kind would destrojr an artillery wheel.

Hence the wire-spoked wheels, of the Rudge-Whitworth,

Riley or Honk type, which have since multiplied by a

dozen adaptations and sub-divisions, but have all been

much alike in construction, even when they differ in the

method of attachment to the axles, became almost

universal practice on racing cars. S. F. Edge won the

Gordon-Bennett trophy on wooden wheels, but he also

was among the first to use the wire-spoked wheel, and he
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established the fact that beyond all question, weight for

weight, itwas stronger and generally an improvement on any
other type of wheel.

As the wire-

spoked wheel of the

Rudge type had the

additional merit of

instant detaehabil-

ity in the event of

tyre damage, it

speedily became
very popular. Some
users objected to it

on the grounds that

the fitting looked

spidery, and, of

course, the wire-

spoked wheel had

a disadvantage so

far as washing and

cleaning were concerned. Even in 1021, there are a

number of people who prefer the timljer wheel. For the

Fig. 172.—The Rudge-Whitworth wire wheel,

wliich has proved very successful in service.

Fit:. 17.3.—The component piirts of a demountable disc wheel.

lower-priced cars, and in e(juntrics where there is an

abundant supply of raw material in the shape of timber,

there is still a big future for the wooden wheel.
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While the battle of the wire and the wooden-spoked

wheels was being waged, along came a new type in the

shape of the pressed-steel wheel, which looked very much
like a timber wheel, except that its spoke-ends merged

gradually into hub and rim, instead of meeting them with

a rectangular junction, in which mud stuck with surprising

tenacity. This type of wheel, which is well exemplified

in that fitting built by Joseph Sankey & Sons, is excellent.

It lias a high strength efficiency ; its construction lends

itself readily to easy detach-

ment ; it is not affected by

climatic variations, and it

is even easier to wash and

keep clean, and thus even

more attractive to the owner
who considers his chauffeur,

or the man who washes the

car himself, than the old

wooden-spoked wheel, of

which it is frankly an
adaptation.

Those who think wire-

spoked wheels too spidery,

or too troublesome to spoke-

brush thoroughlj', but who
appreciate their strength

and freedom from shrinkage
or swelling, would naturally and properly embrace a wheel
of this type. Hence, right up to the period of the War
the Sankey pressed-steel wheel seemed likely to have the
market to itself. It may still prove the most popular
wheel of the next decade.

It is curious how an accessory may take the place of
the article to wliich it was once a mere appendage ! The
additional labour entailed in washing wire-spoked wheels
prompted the fitting of sheet-metal discs, to enclose the
spokes, on both the inner aiid outer sides of the wheel.
Opinions differ as to wliether the efficiency of these discs

Fig. 174.—Shows the simplicity and
strength of the disc wheel.
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off-set their uusightliness, ))ut they were certainly coming
into very general use just before the War. As the sight

of mud-discs on wire-spoked wheels became familiar,

owners of stamping presses became alive to their possibi-

lities, although disc wheels had been in use for some time

on heavy industrial vehicles of the lorry type. Continental

makers were much ahead of the Britisher in this particular

direction, and they had been supplying disc wheels, built

Fig 175.—Michelin detachable disc type of wheel as applied to heavy

vehicles. The wheel also serves for the heaviest type of passenger

vehicles.

up of one or two pressed plates of steel, welded to a tyre-

carrying rim at their external or peripheral edges, and to

some form of detachable hub centrally, for some time

before British makers woke up to the situation.

Exactly who originated the disc wheel, whether single

or twin, it is diflficult if not impossible to say. The Michelin

tyre company were very early in its manufacture, and the

Michehn single-disc detachable wheel of to-day is regarded

by many competent judges as the best of its type. It is

23
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obviously much less costly to manufacture than the wire-

spoked wheel. It is hardly any heavier, strength for

strength; it lends itself admirably to easy detachability,

both of hub and tyre ; it is exceedingly simple to wash,

and there is an infinite possibility of

- treatment open to the user with

aesthetic leanings, for it can be

painted with dummy spokes or con-

centric circles, target fashion, and

so on.

Whether splined on to the axle end,

screwed on, or attached to a hub-

plate (or driving-piece) simply by a

series of bolts and nuts, it is an easy

wheel to fit or dismount ; it can be

manufactured cheaply and expe-

ditiously ; and in the opinion of many
authorities it is most likely to be the

wheel of the future, when motorists

become accustomed to it.

The question of appearance plays a

larger part in the matter than might

be thought. The appearance of the

wire-spoked wheel of the past fifteen

years militated just as inuch as its cost

against its universality. To many
people wire wheels enhance the grace-

ful, lithe appearance of a car, whether

its body be of the open or closed type.

On the other hand, there are others

who would never countenance it solely

on the score of appearances ; thus

the disc wheel has yet to overcome certain prejudices.

Having done this, its position is likely to be safe for a long

while to come, because there can be no two opinions con-

cerning its appeal on every other ground. It is inexpensive
;

it is efficient ; it should survive.

Latterly there have been variations of the plain disc

Pig. 176.—A sectional

view of the single-disc

wheel.
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t^3!»^^'»^i

wheel. The Angus-Sanderson Company introduced their

car, Britain's first essay in the direction of assembling

specialist-built components, with pressed- or stamped-steel

wheels having a corrugated or waved section. It is said

that a disc so cor-

rugated is stronger

than a disc of iden-

tical gauge and

quality but with-

out the corruga-

tions. This may
be so ; but the

waving of the

metal is frankly

unsightly, and the

hub-plates super-

imposed upon the

main discs seem to

have a tendencj'^ to

draw away there-

from, an action

producing a sort of

crackling noise, not

very disturbing at

moderate speeds,

but increasing in

volume as pace

mounts. There
have been disc

wheels with circu-

lar and elliptical

spaces cut out, so to speak, with the object of approxi-

mating somewhat the spoked appearance, but it is

generally held that the plain, unrelieved disc is the best

type of any.

There are a number of wheels of special construction

—

metallic spring wheels and pneumatically sprung types,

introduced to give comfort to the motorist, yet to free him

Fio. 177. -A sectional view of the twin

steel disc wlieel.
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from the bug-bear of pneumatic tyre trouble. The number

of these deviees has been very great ;
but after a patient

investigation of the design and operation of most, it is not

yet possible to record the discovery of one which fulfils all

its inventor's claims. It was possible to build a spring

wheel composed of helical springs coiled within a solid

metal tyre, which would give a certain degree of shock

absorption at low speeds on the antiquated motor

vehicles usually favoured by demonstrators of wheel

inventions, but as soon as the speed exceeded 20 miles per

Fio 178.—The Sankey wheel and its component parts.

hour, these springs became so musical as to make the use

of any other warning signal unnecessary. Also they rusted,

or, if made of non-ferrous metal, corroded very rapidly.

Though of ingenious construction, very few of them proved

practical productions on the road. Their generally un-

sightly appearance also told against them. Later came

wheels with pneumatic cushion-chambers around the hub.

Some of these were not quite so ugly as the spring wheels,

but the heat engendered proved injurious to the air-tight

cushion-chambers, and a deflated cushion-chamber was as

serious a mishap as a deflated tyre.

There were hydraulic wheels, and disc wheels with small
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coiled springs, practically of the same length as the section

of a pneumatic tyre, in between an inner rim and the rim

holding the metallic road-tyre. There were, in fact, end-

less curious-looking propositions, each acclaimed as the

very last word, the long-sought medium destined to abolish

tyre troubles : but none stood up to the exactions of

really protracted testing, except the Lynton wheel, which

certainly gave very good results with either pneumatic or

solid tyres.

But to deal with all the patent wheels would fill a

bulkyvolume and occupy many years, for, broadly speaking,

while every tribute is due to the devoted people who have

produced and are still producing such fittings, they are

not a striking success. Nothing has, as yet, seriously

challenged the old timber-spoked wheel, the wire-spoked

wheel of the Rudge type which followed it, the pressed-

steel wheel of the Sankey pattern, and the disc type best

exemplified by the product of the Michelin company.

It is true that some talk of sprung and unsprung weights

still goes on, the pundits discussing the contribution which

the wheel per se should make to the cushioning of progress

along the road. This is a reminder of the inherent falli-

bility of the pneumatic tyre, so blatantly manifested by

the fact that all prudent motorists carry one or more spare

wheels, to give them instant succour in the event of de-

flation.

The fact remains that road shocks should be cushioned

by the air in the tyres, and the springing interposed be-

tween frame and axles. There is no tyre like one filled

with air, nor any so kind alike to mechanism and motorist's

nerves. The air-filled tyre is fallible, but it gives remark-

ably little trouble if the tubes are maintained at the correct

pressure. The motorist, therefore, who keeps his tyres

inflated to a comfortable and economical pressure, and

periodically certifies that pressure of inflation by means of

a Schrader gauge, can quite well afford to ignore that same

fallibility.

One thing must be pleaded for the rim, the^portion of
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the wheel actually holding or carrying the tyre, which is

a very important part. Nobody will ever decide whether

it is better to carry a whole spare wheel, or simply a spare

rim. Excellent arguments can be adduced on either side.

One thing alone is clear—namely that there must be in

some shape or other a wheel whose tyre-carrying section

or constituent will facilitate the ready fitting or de-

tachment of tyres. As covers become more and more

puncture-proof, they become less easy to fit and detach.

The hardness of the bead which characterizes so many
modern covers is a serious drawback, which points to the

necessity of a rim of the detachable-flange type, such as

the Warland.

It is ridiculous for the after-war motorist to be compelled

to lever his tyres on and off his rims by main force. In

so doing he inevitably imposes upon them strains they were

rarely designed or built to withstand
;
yet one of the anoma-

lies of automobilism is that, detachable-flange rims apart,

tyres are more difficult or laborious to fit to-day than they

were in 1900.

A one-piece rim is a very attractive proposition. It is

simple to build, and therefore sightly and cheap, and has

no loose parts, but tyre manipulation is likely to be
difficult. The popular wheel is and will always be one

which permits of the attachment or removal of tyres with

the minimum of exertion and loss of time.



CHAPTER XIX

TYRES

The primary function of a motor car tyre is to minimize
road shock, and according to its success in that duty is its

vahie appraised. Because it is superior to every other
device yet applied for that purpose, the pneumatic tyre is

in universal use on pleasure vehicles, and also on very many
employed for commercial purposes. Originally made for

cycles, it was not available for motoring needs until some
years after the introduction of the motor car. Speed in

the early days of the motoring movement was not pro-

nounced. It could not be, for the law made it an essential

that a man carrying a red flag should precede every
" locomotive " travelling on the public highway. So soon

as that anachronism was removed the inefhciency of the

solid rubber tyre became so apparent that a great impetus

was given to the endeavours already attempted to adapt

the pneumatic principle for the wheels of motor vehicles.

The early pneumatic tyres were very imsatisfactory, for

the simple reason that tyre makers had nothing beyond the

experience gained in cycle tyre construction to guide them,

and it was quickly discovered that the motor car tyre was

an entirely different proposition. Mainly the fault of

those early tja'es was a flirasiness in design and construc-

tion, directly traceable to cycle practice, which made it

impossible to foretell whether a tj^re would last one hundred

or five hundred miles. The first reasonably satisfactory

air tyre for cars was produced about the year 1900 by

Michelin et Cie., of Clermont Ferrand, who had adopted

the Clincher principle for the cover, in contradistinction

to the wired-on cover, Avhich the Dunlop Company of

Birmingham had been developing. Tlie Miclielin Company
359
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also employed a heavier form of construction and appeared

to violate several of the cardinal rules of design which cycle

experience had evolved. It was not then sufficiently under-

stood to what extent the great weight of the motor car

—

in those days running over two tons as a rule—and the

effect of passing the engine power through the tyres com-

pelled a reconsideration of the air tyre problem ; and later,

when cause and effect became more clear, the essential

limitations of the motor car wheel further protracted dis-

covery of the solution.

The ideal pneumatic tyre represents a column of air con-

tained in an inextensible but perfectly flexible cover. The

cover is required to be inextensible because the engine

power must be transmitted through it, and any yield or

give under the tractor stress from the engine represents

not merely so much power lost, but power diverted from

moving the car to the movement, and consequently the

destruction, of the material of the tyre. It is required to

be perfectly flexible, because on its flexibility depends its

power to absorb road shock. In cycle tyres it was dis-

covered that the more elastic the air column—comparative

inextensibility being secured—the more efficient for every

purpose was the tyre. The difficulty in securing in-

extensibility of the fabric of the cover led to a restriction

of air content, which was imitated in the motor tyre when
introduced. A further handicap was a difficulty, with

the experience and the methods then at command, in

constructing covers sufficiently strong to withstand the

combined stresses of the weight of the car and the tractive

power of the engine.

Motor tyre makers were faced with a number of new
problems, which it is useful to recall, although they have
now been long overcome, because the stresses involved

remain and have to be taken into account when considering

the use and care of motor car tyres. First came the matter

of the internal air pressure. With the hand pumps
formerly in use it was not easy to raise that pressure above
40 lbs. per square inch, and there was consequently a lack
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of lateral stability in the tyre, efforts to obviate which led

to the commission of two faults. Tyre rims of the Clincher

type were made of deep section to accommodate large

locking beads—technically termed " feet "—and the air

content was reduced to a minimum to obviate rolling,

i.e. a lateral movement of the tyre on the wheel under

the influence of side thrust on the axles. Theoretically, the

shallower the lim, the greater the shock absorbing power
of any given size of air tyre, because that portion of the air

cokunn contained between the sides of the rim is largely

lost. But when more powerful tyre pumps enabled higher

air pressures to be employed, and when car speeds began to

increase, it was found that the 7iiethod of construction

devised for cycle tyres was insufficient to provide a tyre

capable of resisting the greater stresses. They permitted

so much internal friction between the cover and its air-

tube under the stress of load and drive that, at speeds

which arc now commonplace, such a degree of heat in the

tj're was developed that the solutioned joint of the air-

tube often became unstable and even the layers of fabric

in the cover tended to move on each other.

The leasons for this were that the covers were made on

moulds by the process of superimposing layers on strips of

prepared, i.e. solutioned, canvas until the desired strength

of fabric along the tread was obtained. An endless tread

of rubber was then solutioned on and the whole subjected

to a form of vulcanization that was not always complete,

because the heat involved in the process was found materi-

ally to reduce the strength of the canvas fabric. In order

to secure the much-desired flexibility in the sides or walls

of the cover, these were made thinner than is now the case,

with the result that the hinge action which occurs in every

tyre at or about the line of the rim edge under the weight

of the vehicle was acutely developed, and sooner or later

the cover frayed and burst just above the bead or foot

along the circumference of the tyre. By a process of trial

and error, and largely as the result of experience gained in

speed contests, a palliative, if not a cure, was discovered
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for each weakness and trouble as it arose. Improvements

in the manufacture of the fabric led to greater strength in

the tyre ; the relationship between cover- thickness and air-

content was established so as to standardize sizes ;
greater

economy in rim sizes and in covers removed much of the

danger of tyres blowing or pulling off the rim ; and finally,

improved methods of manufacture produced tyres at the

end of ten years which were certainly superior to the

originals in every waj'. Tyre failure, once the most

frequent topic of discussion between motorists and in the

motor press, gradually receded in importance, until many
manufacturers became so confident that a mileage guarantee

was given with their products.

Probably one of the greatest advances in motor tyre

construction was that which embodies what is known as

the Doughty process. Prior to its advent, as has been

stated, the tyre cover was built up by hand of super-

imposed layers of canvas and semi-cured rubber in sequence,

with a final thick rubber tread. The tyre cover was then

vulcanized in a steam box or vat. That method produced

a tyre which often was unsymmetrical to the eye, an

irregularity which disappeared only when mounted on the

rim and inflated. The Doughty process furnished a much
improved conformation of the tyre, and yielded a sym-

metrical cover which was true to shape without warp or

twist, and also of better wearing quality. The cover in

a tyre made by this process is formed on a mould, as in the

earlier process, but when completed it is locked between

an interior and an exterior mould—under considerable

pressure—the whole being transferred to the steam vat

for vulcanization. The outer mould is configurated

to provide the non-skid tread surface now universal,

and any other mark or lettering that is desired. The
ultimate gain was not so much in meie exterior finish,

which was considerable, as in an essential accuracy of

dimensions which made it possible to produce in large

quantities tyres that were identical in every way. Vul-

canizing under pressure yielded a tougher rubber, for
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though rubber is incompressible—if pressed in one direction

it hedges or " spews " in another—it appears to gain in

homogeneity by pressure while being vulcanized.

In the earlier types the tread was quite smooth, but the
tendency to skid in thick mud led to the adoption of

various devices to provide increased road adhesion. Among
the earliest inventions was the steel stud. This takes the

form of a bifurcated rivet. The cover is made in two
sections, the steel studs being hammered into the tread

section, which is then imposed on the base section and the

two vulcanized as described. For a long time great trouble

was experienced with the studs shearing and pulling out
of the tyre, and to a limited extent this still occurs, but

research and long experiment have provided the best form
of stud and the best method of attaching it to the cover.

It is remarkable how much ill-usage these covers will now
withstand, such as sudden braking,, skids, and rough applica-

tion of the clutch when starting.

Rubber non-skid treads have reached a high state of

efficiency, and, except in the heaviest or most powerful

cars, it is doubtful whether steel studded covers afford any
additional protection in this direction. On frost-bound

roads and smooth wood or asphalted surfaces steel studs

actually accentuate skidding, and the tendency is to abjure

them on touring cars, particularly as they possess a shorter

life and cost considerably more than the all-rubber cover.

Undoubtedly the final triumph of the latter has been made
possible by better spring suspension and clutches. The
quality of a car's suspension has much to do with the

life of its tyres, and a clutch that does not take up its

work gradually is a veritable tyre destructor. Therefore

when we claim the credit of a vastly improved product

for the tyre manufacturer, we do not lose sight of the fact

that the advance also made by the chassis manufacturer

has interacted very materially to assist progress, nor must

the help of the fabric manufacturer be forgotten.

It was early discovered in cycle tyre manufacture that

a certain class of fabric was superior to all others, and also
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that when cut " on the bias "—or in a manner which

caused the strands of the material to be at an angle to the

tyre rim, i.e. not circumferentially and at right angles to

it, there was decreased loss of tractive power, less interior

movement in the material, and consequently a faster and

a more lasting tyre. This fact led an American inventor

named Palmer to design a single tube tyre in which the

fabric consisted of two layers of cotton thread, super-

imposed and curved tangentially arovmd the core and to

each other. This undoubtedly was a very fast tyre, but

almost useless for road work owing to its extreme liability

to puncture and difficulty of repair. When pneumatic

tyre covers were invented, Messrs. Moseley, of Manchester,

cleverly adapted the idea to that fcjrm, and its success no

doubt inspired the evolution of a machine for constructing

motor car tyres on the tangent principle with a cotton

cord base, which for many j^ears has been the speciality

of the Palmer Tyre Company, a company originally formed

to make and market the single tube tyre for cycles already

mentioned. There is no denying the great strength of this

tyre, the cotton cord being graduated in thickness to the

air content of the tube, and the fact that there is practic-

ally no internal movement between the two layers of cord

to absorb power and create heat renders it immune from

the troubles which affect the woven fabric type.

The advantage of this tangential system of construction

is simply and easily grasped. The engine power trans-

mitted to the rear wheels of the car passes into the tyres by

way of the lips or edges of the rims. The point of ground

contact of the tyre being some inches farther than the

radius point of the wheel proper, a backward tension stress

is exerted on the fabric of the cover from each rim edge.

In these tyres the strands of cord run diagonally from edge

to edge, crossing each other in straight lines corresponding

to the lines of stress, which thus pass along the whole

length of the cord fabric, from one edge of the rim to the

other, practically without a break. In that way a greater

proportion of the power put into the wheel is transferred
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to the point of ground contact, that is, where the material

of the faljric is interwoven, and consequently it can be

stretched under the rapidly tensioning power stress. In

practice it is necessary to maintain a somewhat higher

degree of inflation in cord tyres than in fabric tyres, in

order to prevent sagging in the cords, which would mean
loss of tension and consequent loss of power. That
characteristic also liolds good in fabric tyres, but the

relative loss of power and danger of injury to the cover

is not so pronounced.

Iir the early days of the air tyre, and for a considerable

number of years subsequently, punctures and other

damage to covers, which affected the air-tubes, were a

constant source of irritation and trouble. Evidcntl}^ as

a protection against these mishaps, tyre covers became

thicker and thicker along the tread, several forms of rubber

substitutes for the air-tube obtaining a certain vogue from

time to time. But there is nothing at all in the same

category with a compressed air tube as a vibration or shock

absorber ; its capacity to resume its original form after

distortion is many hundred times greater than the best

rubber, and as that quality is vital to efficiency, semi-solid

flexible fillings and other similar devices never helped the

motorist sufficiently ; in fact, it was found that the

deficiency in shock-absorption acted so detrimentally on

the whole construction of the car as to make their use very

expensive. Various devices intended to prevent puncture

were also offered and tried, but inevitably it was proved

that actual or comj^arative innnunity from puncture had

to be paid for in other directions, i.e. loss of resilience, or

waste of power, or both. And so tyre makers arrived at

the conclusion that the correct policy was to render

puncture as infrequent as possil^le by the construction of

stout tyre covers, and to facilitate repair by their easier

attachment to the rim.

The manner of attaching the tyre cover to the wheel rim

has been a favourite hunting ground for inventors. At

first it was )1elic^'ed that onlv a verv substantial arrange-
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ment of circumferential wires forming the edges of the

cover would suffice to hold it to the rim, and it was left for

Messrs. Michehn et Cie. to prove that a beaded-edge cover

was not merely possible, but really the most satisfactory.

The wired-edge cover did not admit of much margin of

error in manufacture, and when production in quantity

became imperative, that disability proved its undoing.

Both forms entail the use of considerable force to attach

and detach the cover, and the trouble and labour involved

by such manual effort quite early set inventors at work

to devise alternative methods. Of the variety of these

devices there is no end. Detachable rims which carry the

tyre in its own ring have been the most popular, and some

of these, such as the Warland, have given every satisfaction

to their users. Detachable wheels for a while had a vogue,

and the simple idea embodied in the Stepney device, in

which a supplementary rim complete with its tyre was

capable of being bolted on to a damaged wheel, for

some years had great popularity. It was mechanically

unsound, however, and to an extent affected the steering

by unbalancing it when attached to a front wheel, but it

served to prevent lengthy stops for tyre replacement by

the road-side ; it eventually gave way to the quickly

detachable rim. Of late years, however, thanks to per-

sistent improvement in material and methods of construc-

tion, punctures have become matters of comparatively

rare occurrence and tyre troubles have centred ai'ound

the matter of road wear in relation to cost.

The tyre problem is not simplified by the fact that

American and European constructors do not always see eye

to eye, although American tyres are extensively used in

Europe, and European tyres, much less often, in the United

States. The great scale of car production in America

affects tyre and other problems in rather a curious way, for

changes that can only be popularized in Europe over a long

period of time can be brought into extensive use in America
practically overnight if they are standardized by the makers

on a large scale. Several American factories have an
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annual production of finished cars amounting to one

hundred thousand and over, and in many cases plants of

this capacity are associated with other factories also

building cars on a big scale. The result is that if one or

more of these groups decide to incorporate some change

in the type of the tyres or wheels used, there are within the

space of a year hundreds of thousands of motorists in

possession of cars whereon the changes have been made ;

and as the garage and accessory business in the United

States is on a scale commensurate with the building of

cars, there are very soon thousands of enterprising acces-

sory dealers stocking the newest thing in tyres, pushing the

sales both to users of the cars which have standardized

the tyre or wheel, and also to othei's. In Europe matters

move more slowly, for even if the biggest manufacturer of

cars decided to incorporate some radical change, it by no

means follows that the change would immediately be

extensively adopted, and even the full production of the

original factory, comparatively big though it might be,

would not apply to more than a small percentage of the

total number of cars built in the whole country. An out-

standing example is seen in the abandonment of the poppet-

valved type of engine by the Daimler Company in favour

of the sliding sleeve valve. Although the Daimler engines

achieved a remarkable number of records which still stand,

the example set was only very slowly followed. It is

naturally still a matter of opinion as to which is the best

type of engine, taking all things into consideration ; but

even allowing for the fact that since first making a change

the Daimler Company had been continuously producing

sliding sleeve valves and that their example was followed

by other makers, the ordinary type of poppet-valved

engine is still possessed of an enormous lead numerically.

Reverting to tyres more particularly, what is known as

the straight-sided tyre has during the last year or so

become extremely popular in the United States of America.

The name is almost self-explanatory, for briefly the tyre

takes the form of a cover with wires embedded in the
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beading, the chief claim being that in this way rim cuts

and the danger of accidents due to the cover leaving the

wheel at high speed is avoided. The present-day practice

is to use ordinary beaded-edge tyres for small sizes up to

3i in. ; above these dimensions the tyres used are either

straight-side, or hard-bead quick-detachable tyres. The

latter type is fast becoming obsolete and none of the car

manufacturers are now using it on their new cars. The

objects aimed at by the Americans in introducing the

straight-side tyre appear to be entirely attained, rim

cuts being a thing of the past, and nothing short of a

fracture of the wire cable will cause a tyre to leave the

rim even though it may be wholly or partially deflated.

The fact that this type of tyre has become standardized

in America (where more tyres are used than in all the

rest of the world) is a matter which cannot be lightly

overlooked, and competent authorities have expressed the

opinion that the straight-side tyre will ultimately take

the place of the beaded-edge tyre universally.

Its advantages are as follows. There are no rim cuts,

and greater safety is assured. The cover is easy to fit, and
in addition possesses a more uniform distribution of stresses

throughout the various plies of fabric. Against these

obvious advantages are set such difficulties as the necessity

of having a divided rim, while the cost of production is

somewhat higher.

It will be obvious from the shape of the rim that rim

cuts cannot occur, there being no clinch corresponding to

a beaded-edge rim. In effect, the wire cable in the tyre

takes the place of the clinch ; but since this cable is large

in area as compared with the clinch of an ordinary rim
and is also vulcanized solid into the centre of the plies of

fabric, it will be clear that no friction can occur and the

possibility of the cable tearing through the plies of fabric

is very remote. Further, the equivalent of the clinch

being now in the centre of the plies of fabric instead of at

the edge, the distribution of the stresses is more uniform
throughout the various plies of fabric.
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As regards safety it is well known that under certain

conditions a beaded-edge tyre is liable to come off the

rim. This may be the result of the tube being pinched

under the bead of the tyre or of a leaky inner tube being

used : if the latter, the gradual loss of air cannot usually

be detected when the car is running until the tyre has

become practically deflated. The danger arises when
the tyre has become partially deflated, as a small side

strain or the striking of an object on the road is then

sufficient to bring the tyre off the rim. When this happens

and the car is going at a high speed, steering becomes

difficult and serious accidents often follow.

In the manufacture of these tyres the most important

feature is the wire cable, corresponding to the bead of an

ordinary clinched-on tyre. This cable is very heavily

stressed when the tyre is in use, and it is of the highest

importance that it should be strong enough to allow a good

factor of safety. Various types of cable are used, the

following being the most general : (1) a flat braided strip,

which is wound up on a former and embedded in hard

rubber
; (2) a fine twisted cable similar to picture hanging

wire, which is covered with a tube of rubber and then

wound on a former to make a complete cable
; (3) a series

of wires similar to those used in bicycle tyres, each of

which consists of about three convolutions of pianoforte

wire, the ends being soldered into nipples
; (4) a single

heavy seven-strand cable with an electrically welded joint.

In the case of very heavy truck tyres, two or more wire

cables are sometimes used, and these are sandwiched

between the various plies of fabric so as to distribute the

strain as uniformly as possible.

From time to time tests have been conducted with a view

to the effective prevention of skids, and although a con-

siderable amount of thought and ingenuity has been

expended in the endeavour to produce some type of

mechanical device which can either be fitted to the tyre or

to the vehicle itself, experience so far has shown that the

best skid-preventer for all-round use is a good design of

24
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tyre tread. Years passed before tread design received the

attention its importance demanded, and it is an easy matter

to carry the mind back to a score or more of different

designs which achieved popularity in their day, and which

are now heard of no more. A merely rough surface, or a

design of grooves, slits, nobby projections, lozenges, or

cups moulded in more or less crude fashion on the tread,

failed in their object, especially on greasy surfaces. On

the other hand, a properly designed tread is really effective,

at least under normal conditions. A well-made all-rubber

tread, for example, is perfectly steady even on a hard tarred

surface with a greasy top-dressing, and is equally effective

on hard, dry roads, a claim which cannot be made for any

other type of tread. On ice and snow there is always a

risk of skidding, but such conditions may be taken as

abnormal, at least in most countries where the motor car

is extensively used. A reasonable solution of what after

all is only a temporary problem, which solves itself with a

change in the temperature, is to be found in detachable

non-skid chains, which fit across and around the tyre and

are free to move at right angles to its circumfeience. The

weakest point of the all-rubber tread is its tendency to

rapid wear, and of course, as the moulded design is

destroyed, the cover becomes as smooth as what is known
as a plain tread ; the anti-skidding properties are lost,

although as a tyre the cover may be good for some thousands

of miles of running, under suitable conditions.

It would be advisable, if some common agreement could

be arrived at by tyre manufacturers, to standardize sizes,

for in the end a greatlj^ increased manufacturing cost is

involved and passed on to the user by carrying an extremely

full range of tyre sizes. If British, Continental, and
American manufacturers could be brought into such a

scheme, car owners would be able to obtain standardized

tyres in all parts of the world. There would be no par-

ticular difficulty in working out a satisfactory scale of

sizes to include tyres of sections suited to all types of

vehicles doing all kinds of work ; indeed, in this respect
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the British Engineering Standards Association has already

done excellent work. As showing the need for this

standardization, the leading tyre manufacturers have
published lists from time to time, showing how their par-

ticular tyres of given sizes can be more or less satisfactorily

used on lims and wheels which were originally intended
for tyres of smaller size. Quite obviously, if the difference

between one maker's tyre, suitable for, say a 15 h.p. touring

car, and that of a rival maker be only some fractional part

of an inch in the shape and size of the bead or in the cir-

cumference at the tyre seat, some mutually satisfactory

agreement can be reached without difficulty and without
interfering in the least with any individual claim for

superiority, either in manufacture or use. As already

pointed out, the modern tyre demands expensive machinery
and moulds in its manufacture ; and if fifty different-sized

moulds be in use to produce a range of tyres which could

quite well be covered by half-a-dozen different sections at

the most, a great saving in manufacturing cost and in

capital outlay would follow any such scheme of standardi-

zation. The British Engineering Standards Association

published, in 1920, a pamphlet called The British Standard

List of Rubber Tyres for British Standard Rims, which con-

tained detailed particulars of recommended tyre and rim

sizes and sections. The universal adoption of these recom-

mendations would materially decrease the numbers of

different-sized tyres now being made, without leaving any
size or type of vehicle unprovided for.

In practical service the motorist cannot expect from

tyres, as we now have them, both the biggest possible

mileage and the greatest cushioning effect. The two

things are widely different, and in service the motorist is

well advised to steer a middle course to obtain the highest

possible mileage with the maximum of comfort. As a

general rule tyre manufacturers, or at least those makers to

whom a low-selling price for their vehicles is important, are

inclined to supply tyres only just sufficiently large to carry

the combined weight of the car and its occupants. This
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is a course which cannot be too strongly condemned.

Within reason, tyres should be on the large side, for,

although the first cost be more, the larger sections will give

greater freedom from burst and puncture, a bigger mileage,

and the maximum of riding comfort.

Where wheels are of the average diameters commonly

in use for the various tyre sections mentioned, the following

table is interesting, as showing the loads which can be

carried to give the best general service : the figures in heavy

type indicate the load which, imposed on the section in

question when the inflation is maintained at the pressure

shown, should give the best possible tyre equipment.

Pressure
in lbs.

per sq. in.
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the tyre life, but reduces the cushioning. Within hmits,

an increased load with a lesser pressvu'e in the tyres would

mean an easier riding vehicle, but a greatly shortened

tyre life. A general rule to follow is that tyre sizes should

be calculated on the load carried by the back axle, and

although it is possible by following this rule to use slightly

smaller tyres on the front wheels when the load is less, the

greater convenience of having all the tyres interchangeable

is worth the slight extra cost involved. In practice, the

front tyres may be inflated to a pressure slightly less than

that given in the list, while they may also be transferred

to the back wheels as wear takes place on the rear tyres.



CHAPTER XX

SPRINGING AND SUSPENSION

The problem of springing a motor car is one that has not

even yet been satisfactorily solved. The correct solution

of the problem is indeed difficult, and, although it has

received much careful study during the last decade and

has been most thoroughly investigated, it is only possible

to conclude that the ultimate answer lies in the discovery

of some new suspension principle. The primary functions

of any springing or suspension system are to protect the

driver and passengers from shocks occasioned by travelling

over an uneven road at speed and also to protect the engine

and transmission of the car itself from injury by road shock.

Among the incidental functions of the springing system

may be numbered fuel and tyre economy, both of which

are directly affected favourably or unfavourably by the

springing of any motor-driven vehicle.

By the statement that the problem is a difficult one, it

is meant that the factor of springing changes with every

addition to or reduction of load, and at every increase of

speed. A car, to take an instance, may be fitted with a

springing system designed to give the maximum cushioning

effort at a speed of 30 m.p.h., and with a given average for

the passenger load. Under such conditions it may operate

well, but with the addition of an extra passenger or any
luggage the springs become overloaded, while their action

may fall short at speeds below and above 30 m.p.h.

Obviously it is impossible for any owner to guarantee a

standard load and speed, hence in practice the car builder

must effect a compromise by designing a suspension system

to give reasonably satisfactory results over a fairly wide

range of loads and speeds. The difficulty is not lessened

.•?74
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by the tendency of the springs themselves to deteriorate in

use. The average owner takes reasonable care to ensure

that a proper supply of lubricant reaches the engine,

which is fairly well protected as a mechanism ; but he has

an inherent objection to lubricating the springs, although

each spring contains a number of parts under load and

in working contact, but all grievously exposed to mud,

water, and climatic conditions generally.

It is an apt coTnmentary on springing systems in general

up to IDlJj that broken springs were a fruitful source of

trouble during the war period, when motor vehicles were

subjected to excessively hard usage on rough roads. It

might well have been imagined that most makers would

have profited from this experience, but that many failed

to do so became evident by the numerous cases of broken

springs which occurred during 1920 with the first of the

post-war cars when used on British and Continental roads

which had suffered considerably from neglect during the

years of the War. Although the most expensive British

and foreign chassis were, and are, adequately sprung, those

of lighter and medium weight are not so well built in this

particular as their American competitoi's. The explana-

tion of this fact is probably to be found in the exceedingly

rough roads in some of the American States, and the

realization on the car builder's part that the suspension

system is likelj^ to be both abused and neglected by the

average American owner. Commonly, the springs form the

point of attachment between the main frame of the vehicle

and the axle, while on occasion they may also be utilized,

at least so far as the rear springs are concerned, for other

purposes than suspension pure and simple. Experience

has shown the marked superiority of the laminated or leaf-

spring over others for this purpose, although of late con-

siderable attention has been given, especially where light

cars are concerned, to a patented type of suspension which

takes the form of opposed coil springs. As a matter of

fact, no vehicle using this type of springing was actually in

production by the end of 1920, but practical experience of
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the early experimental chassis on the road suggested that

there is considerable room for research in this direction.

The general tendency of springs other than the leaf pattern

is to cause bouncing and rolling, which militates against

their use in motor car chassis, while a further disadvantage

is their Uability to take what is known as " set," or in other

words to stretch or be compressed beyond the recovery

limits of the spring itself.

The enormous difficulty attending the satisfactory solu-

tion of the problem is best appreciated when it is remem-

bered that the ordinary railway line presents a dead-

smooth track for the carriages to ride on, and yet, as every

railway traveller knows, an ordinary carriage rocks and

jolts when the train is at high speed. This trouble is

naturally accentuated when a vehicle must travel over a

cambered road having a wide range of gradients and with

manjr holes in the surface in addition to hard, soft, dry and

greasy passages and stretches. The springs therefore are

called on to absorb both vertical and lateral motion, and

it is because both these factors must be taken into con-

sideration that with our present limited experience it

seems almost impossible to design a perfect spring.

To be satisfactory a motor car spring must possess a

high degree of resiliency—that is, it should have the property

of storing up and giving out the same amount of work
which is put into it. If, for example, it absorbs a load of

twenty pounds, it should be capable of exerting a return

pressure of twenty pounds. The periodicity of a spring

means the time taken for the spring to absorb the maximum
load and to return to its normal condition again. In

practice, the ideal car spring would absorb the whole load

of any shock instantaneously, returning it gradually and
over an extended period. Owing, however, to the rough
roads over which vehicles must travel, this becomes nearly

impracticable, because shock follows shock so rapidly.

In practice the spring maker receives very precise in-

structions from the builder of the car in regard to the

length, periodicity, camber, and other details touching on
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spring construction. The designer, of course, bears in

mind as far as possible the type of work which his vehicle

will be called on to undertake. High speed, moderately

light loads, and bad roads alternating with better stretches,

call for considerable length and breadth in the springs,

coupled with a considerable number of leaves. A racing

car, however, ov a public-service vehicle, would call for

shorter and stiffer springs, because the former vehicle

would in all probability be requii'cd to carry quite a light

load over passably good surfaces, but at high speeds, where

any tendency to side roll or lateral movement would be

extremely undesirable ; while the slower pace of the latter

Fig. 179.— Cantilever rear suspension. Note the short stiff spring with

large number of leaves.

vehicle and the heavier loads carried call for the use of

much the same type of spring, but of a greater load-bearing

capacity.

In construction the leaf-spring consists of a number of

metal strips held together by a bolt centrally, with the

strips diminishing in length as the outer leaf is reached,

each strip being free to slide as the whole spring flattens

and returns to its normal position upon its fellow. This

particular construction allows the load to be absorbed in

the minimum of time, while the friction set up by the leaves

working each on the other, as the load is returned, gives the

gradual recovery that is desirable. A considerable im-

provement in riding comfort can be effected by fitting small
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auxiliary springs, which may take the form of coils, and

which serve to absorb those minor road shocks that are

not in themselves sufficient to affect the main springs.

However, these appliances can be more fully discussed at

a later period. There are some methods of spring attach-

ment which certainly do not represent everything that

could be desired. It will readily be seen that the spring,

if firmly anchored to the axle, must be flexibly attached

to the frame so that its expansive and contractile properties

may be given full play. This is effected by anchoring one

end of the spring to the frame and by attaching the other

end to a short link or shackle which is flexibly fastened to

Fig. 180.—Another example of cantilever suspension. Note the contrast

with the preceding illustration.

the frame ; this device thus provides for the lengthening

of the springs under load. Actually it would be better if

both ends of the springs could be flexibly attached, for in

this way the load taken through the centre of the spring

could be distributed equally in both directions, whereas
when one end of the spring is firmly fixed, the load takes a

length-wise thrust in the direction of the linked end.

With this type of shackling it will be realized that no
provision is made for side play, notwithstanding the fact

that occasionallj' excessive side thrusts are experienced.

Here is another problem that has not yet been satisfactorily

soh^ed, for so far attempts to provide for this side thrust

have generally resulted in an increased tendency to rolling

and rocking. The linked shackle can be avoided by the
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use of a full elliptic spring, which is nothing else than two
half-elliptic springs set opposite, attached to common
shackles at either end, and bolted to axle and frame
respectively at their centres.

Although great differences of opinion exist and there is

no set rule, to some extent given types of vehicles are

fitted almost as a matter of course with given types of

springs, although the springs fitted by two different

makers, though superlicially similar, may be in fact vastly
different. For example, one spring may have twice as

Fig. 181.—A novel suspension sj-stem. A single quarter-elliptic is

employed in front and four quarter-elliptics at the rear.

many leaves as another, it may be longer, narrower, or

broader, it may flatten out to a straight line under full load.

For the lightest types of cars it seems to be commonly
acknowledged that the quarter-elliptic type of springing

has advantages. Here the maker combines lightness and
simplicity by mounting the springs firmly on the main
frame members and attaching them to the axles cither in

line with the main members or inclined towards the centre,

provision being made (particularly on the back axle) for

movement due to spring operation. This arrangement

gives a four-point suspension, but an adaptation of the

same system gives a three-point suspension.
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In the very light car class there was in 1920 a tendency

to return to half-elliptic springs set transversely or in line

with the axle. When this constructional system is fol-

lowed, special arrangements must be made to guard against

excessive side roll, a common custom being to employ a

narrow main frame and to brace the whole structure solidly

by the use of strong tie-rods anchored on the outer ends

of the axles and running to some central part of the frame.

An older variation uses a single half-elliptic spring set

transversely for the front axle suspension with the more

orthodox half-elliptic carrying the weight of the rear axle.

In the average car of medium weight nowadays a half-

elliptic springing fore and aft is employed, or half-elliptic

at the front and some type of cantilever behind. Canti-

lever springing allows a greater individuality in design

than the elliptic, for it need not be centrally mounted,

while the leaves of one half may be short and stubby and

those of the other section comparatively long. Again, the

cantilever may be set over quite a large radius. It is not

suitable under all conditions, but if such springing be

designed by men of experience it may safely be said that

for medium and heavy-weight cars the cantilever is the

best type of rear suspension. Attempts have been made
to secure greater freedom from shock by fitting three-

quarter elliptic suspension, in which case the quarter-

elliptic spring is anchored on the chassis frame and is so

built that a link attachment to the rear end of the half-

elliptic spring is provided, the forward end of the half-

elliptic spring being link-shackled to the frame with the

axle strapped to the spring in the ordinary way. For
heavy cars, this type of suspension, especially if some
suitable form of auxiliary shock-absorber be fitted, has

manifest advantages. In a further variation the orthodox

half-elliptic springing was used at the back, the rear ends
of the springs, however, being attached to a third half-

elliptic spring set transversely and centrally anchored.

Probably the greatest advantage derived from this form of

construction is that the central anchorage relieves the
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frame of twisting stresses. On all but the heaviest cars,

experience suggests that the rolling motion set up by this

type of springing counterbalances the easier riding obtained

on good, straight roads.

But to give satisfaction in service, the springs them-
selves must be of a suitable steel, while the spring eyes

which form the means of attachment are better formed by
being drilled out of the solid metal than by having the ends

of the master-leaf bent over. Adequate spring lubrication

is essential. For many years this point was overlooked,

and, even though the leaves were greased before the springs

were assembled, a few hundred miles of riding squeezed

out the grease and left the leaves without lubricant. As
water found its way in, rust appeared, and, following a

period of excessive spring friction due to rust and other

foreign matter, there was a tendency for the leaves to rust

together entirely ; ultimately the spring became to all

intents and purposes little more than a solid block of steel

practically devoid of all shock-absorbing power. Spring

gaiters, generally of leather or some other hard-wearing

material, cut to fit the springs and laced into position,

made their appearance some years ago, and it was the

advertising of these gaiters that first brought to the notice

of the average user the importance of spring lubrication.

It should be noted, however, that the poorly cut and fitted

gaiter is worse than useless, for while it lulls the owner

into a sense of security it is really worse than no covering

at all ; within a few weeks the grease inside the gaiter

dries up, and ultimately the gaiter itself acts as a container

and feeder of water and dust to the spring leaves. For

preference, the gaiter should use a liquid lubricant, partly

because of the greater lubricating properties of oil and

partly because of the convenience in replenishing the

supply within the gaiter itself. Actually, covering is not

necessary at all, provided that the springs are fitted with

some form of oil cup which serves to supply lubricant to

oil rvm-ways between the leaves. From the practical

point of view it is obviously better that the lubricant should
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find its way from tiie inside to the outside of tlie leaves

than that attempts should be made to force the lubricant

from the outside against the load that the springs bear.

Spring shackles, whether of the plain eye or the linked

variety, should be of generous proportions and provided

with some form of greaser or oiler capable of forcing

lubricant into the moving parts, even against the load. In

a very large percentage of cases car manufacturers fit

Fin. 182.—A type of gaiter in common use in many up-to-date cars.

greasers which, in addition to being inadequate in size, are

quite useless in forcing the lubricant right through the

shackle.

From time to time attempts have been made to super-

sede the more ordinar}' suspension system, but hitherto

none has experienced any measure of practical success.

Experimentally, encouraging results have been obtained
;

but when the e-xperimental stage is left behind, manu-
facturing cost, the delicacy of the mechanism used, and its
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mechanical uiitrustworthiness militate against success.

In the opinion of many authorities air under compression
is the ideal shock-absorber, and of course this is practically

what the pneumatic tyre itself is. In addition to the

shock-absorbing properties of air itself there is the added
attraction that a means of varying the suspension to suit

different loads is possible. In this field there is room for

extensive research. A certain degree of success, however,

had attended the efforts of those giving their attention to

producing some form of auxiliary shock-absorbers to be

used in conjunction with the main spring and employing

compressed air. Generally, devices of this nature are

provided with a cylinder and piston, the valve action

being so arranged that shock is readily absorbed either by

Fig. 183.—Wefco gaiter with invisible lacing.

the entrance or the expulsion of air, while the return

movement is gradual and progressive. 0))viously, the

simplest arrangement would be to have only one air-

containing cylinder, but in practice it has been found so far

that the best results are to be had by fitting a nimiber of

independent containers. There are naturally a number
of variations, as exemplified in an appliance which uses

an air-chamber of two sections which telescope one into the

other. The outer section is attached to the frame of the

car, the inner part to one of the springs. The necessary

air pressure is obtained in the first instance by means of

an ordinary tyre pump, while oil within the apparatus

serves to lubricate the working parts and to prevent the

air from escaping. An oil pump within the apparatus is

worked automatically by the up-and-down movement of

the springs. The particular advantage of this type of
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appliance is that the air pressure within the container can

be adjusted at the beginning of a journey to suit the load

which the car is intended to carry. It is stated that in

service this type of absorber is quite trustworthy, the chief

objection to its more extended use being the preliminary

cost of manufacture.

It is necessary to make a distinction between the shock

absorber proper and so-called absorbers which are mere

supplementaries to the main springing system. The

simplest form of

supplementary
springing con-

sists of small coil-

springs inter-

posed between

the main spring

and its rear
anchorage. This

coil-spring is

intended to take

the lightest of

shocks verti-

cally, but it must

be so fitted that

the elongation

of the main
spring under load does not interfere with its action.

Further, it is necessary to fit some suitable stop in order

that the coil may not be loaded beyond its limits of recovery.

In practice, small supplementary springs of various types

are often interposed at various points. They may be found,

for example, between the axle and the frame, coming into

action only when abnormal loads flatten the main springs

beyond their designed distance.

The true shock-absorber more commonly takes the form
of some frictional device which offers a constant resistance to

any movement of the main springs. In this constant pressure

lies the chief claim to merit of frictional shock-absorption.

Ftg. 184.—A special anti-rolling device fitted to

Napier cars. It is located at the forward end

of the propeller-shaft, and its function is to

steady the lateral movement of the axle.
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It will be obvious that the tension of the main spring

diminishes as the spring approaches normal position, or, in

other words, its tendency is on the return motion to return

the load at approximately the same speed that it exerted

originally, the effort lessening as the spring returns to its

normal position. The frictional shock-absorber is free to

move on the outward thrust with the spring, but on the

return movement the frictional resistance comes into play,

continuing throughout the whole period of the spring's

return until normal position is again reached. The friction

may be attained in a number of ways, the most simple

method being by the use of plates held in contact to

any required degree of pressure by means of adjusting

springs and screws. It is necessary in these types of ab-

sorber to provide adequate means of lubrication and, to

some extent, an automatic adjustment to compensate

for wear.

In the working out of suspension systems it is necessary,

in addition to providing maximum comfort for the pas-

sengers and maximum cushioning for the engine and trans-

mission, to consider that a well-conceived system should

be more or less successful in keeping all the wheels of the

vehicle, and more particularly the driven wheels, in con-

stant rolling contact with the ground. The consequences

of a wheel leaving the ground at speed are fairly obvious,

for they result in the racing of the engine, and undue load

as the wheel again returns to the ground. This may
actually overload the springing system at its peak, in

addition to weakening and possibly breaking the wall of

the tyre. The differential gear in the back axle also

allows one of the driven wheels to spin or accelerate when

in the air, and considerable tyre abrasion follows when this

wheel returns to the ground, the tread of the cover thus

being worn excessively and heat generated in the fabric

of the tyre. The ideal suspension system, therefore, should

aim at providing the maximum resistance to shock—that is

to say, at keeping the body of the car at a constant height

relative to the ground and furthermore maintaining the

25
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tyres in constant rolling contact at all speeds, under all

loads, and under every condition.

The best of the suspension systems now in service fulfil

these conditions in given circumstances, but they fall short

of the ideal with variation in the load and the speed. As

already indicated, there is a profitable field for research

along directions which have only hitherto reached the

experimental stage.
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the primary difficulty of varying the timing of the explo-

sion, the naked flame was productive of accidents from fire,

while the ignorance of the properties of explosive gases

themselves was also a handicapping factor. The use of

electric cells or batteries was a great step forward, even

though the early components were astonishingly inefficient,

and the mechanical apparatus employed was primitive in

the extreme. With the introduction of mechanical appara-

tus for the production of an electric spark a vast new field

of research and experiment was developed so far that to-day,

although there is reason to believe that we are only on the

threshold of discovery, it can be said that the electrical

equipment of the motor engine is at least as efficient and

trustworthy as the engine itself.

In the early days of motor car development, the advan-

tages of electricity as a clean, convenient, steady, and

efficient source of illumination were perceived by the more

progressive of accessory manufacturers, and the only thing

that prevented its coming into general use was the fact that,

in the experiniental stages, electricity had been shown to

be somewhat unreliable. It is for this reason that the

American automobile industry is usually credited with

having done the most towards perfecting what is generally

admitted to be one of the greatest conveniences upon the

modern motor car, and it may be not out of place to

point out that the psychological aspect of this matter is

certainly interesting. European makers almost to a man
were inclined to be unduly conservative as to giving their

imprimatur to any new kind of equipment in their cars

which could possibly go wrong. Whether or no they had
insufficient faith in their own products is a matter of small

importance beside the fact that it was always their policy

to supply the naked chassis and to leave it to the customer

to fit body-work and accessories to his own choice. The
European motorist, preferring the evils he knew to those

of which he was ignorant, maintained a stout allegiance to

acetylene headlamps and oil side and tail lights, both on
the score of their certainty in action—one could at least be
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sure of getting some light—and because of their cheapness.

The motorist also realized well that when it came to selling

a car second-hand, there was more than a chance that the

potential purchaser would use every means to depreciate

the existing accessory equipment, and he was thus deterred

from investing a fairly large sum of money in an electrical

installation which would tend to make him appear

somewhat of an experimenter. This attitude on the part

of the European motor usei is quite natural and under-

standable. He was waiting for someone to show him the

way. No sooner had American car manufacturers accepted

standardized electrical equipment than the European car

user followed suit, and in the course of time it forced the

manufacturers on this side of the Atlantic to adopt the

installation as an essential item of equipment.

Now the reason why the Americans, as it were, broke

the ice was because, far sooner than the European industry,

they saw in the motor car an ordinary commercial com-

modity rather than a technical masterpiece, and they

adopted everything possible to enhance the convenience of

the vehicle, giving the buyer the impression that he was

getting remarkable value for money. Judged from the

British standpoint, their cars at that time might possess

all sorts of technical faults, but they were most complete

in labour-saving devices, such, for instance, as detachable

rims, carburetter ticklers on the dashboard, entrance door

on the driver's side, and so forth. By this means American

manufacturers were able greatlj' to increase their clientele.

It is true perhaps that the earlier standardized forms of

electric lighting installation gave a certain amount of

trouble, but it is equally true that these faults were very

soon overcome, so that within a year or two of its inception

on the automobile electric lighting plant had become one

of the most dependable things on the car.

As we now know, a complete electric lighting and starting

installation is to be found upi)n practically every post-war

car ; but there are not a few who deplore this fact, either

because they do not grudge the effort required to crank the
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modem small engine, or because, generally in combination

with this fact, tJicy do very little driving at night. Un-

deniably a complete electric installation costs a good deal

of money, but it is quite obvious that it would not be

fitted as standard to all cars unless the immense majority

of motorists were in favour of it. In all probability the

number of people who have to buy it against their will

—

for in very few cases is it an optional equipment—is

infinitely less than that of those who, but for the conveni-

ence which it promotes, would not have joined the auto-

mobile movement at all. It is only right that the policy

of the greatest good for the greatest number should have

won.

The Dynamo

Many years ago there were plenty of cars furnished with

electric side, tail, and interior lamps ; indeed at the same

time there were not a few horse-drawn vehicles similarly

equipped, in which an ordinary accumulator was used.

This battery, however, possessed several disadvantages.

It had to be removed frequently from the car in order

to be charged, and was thus liable to derangement and

damage ; and unless a battery of great weight were carried,

sufficient current was not available for the lighting of head-

lamps. It was, also, little or no convenience to a motorist

who could not do his own battery-charging at home.

Above all, with a peripatetic source of current supply,

batteries will not last long in good condition ; and formerly

the motorist setting out confident that they contained

enough current to light him home was apt to find himself

stranded almost beyond help. It was thus early perceived

that no electric lighting installation could possibly be

regarded as effective unless it incorporated a dynamo
wherewith the batteries could always be kept fully charged,

although a continuous and heavy output was being drawn
from them.

Now the dynamo in itself is one of the most reliable

mechanisms, but the earlier car-lighting generators gave a
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good deal of trouble, simply because it was necessary to

combine with them some device which would enable the
current generated to be constant in voltage in sijite of

considerable speed variations in the car engine. For this

purpose various contrivances were brought into use, some
of an electrical character, others of a mechanical type.

Fig. 185.—jSection of a Smith djaiamo. Tho upper illustration shows the

armature removoH.

Amongst the latter may be mentioned clutclies arranged

to slip or uncouple themselves under the influence of a

centrifugal mechanism. Tims, however fast the engine

might run, the speed of the dynamo would be limited by

the centrifugal governor, which would allow the pulley of

the belt drive to begin slipping immediately a predetermined

speed of rotation was exceeded. This mechanical control

allowed dynamos of the ordinary type to be used, in which
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the voltage of the output current is directly dependent

upon their speed.

Nowadays such mechanical control is practically non-

existent, the type of dynamo used upon cars being of the

constant-voltag^ kind, which means that the current

generated is independent for its intensity upon the speed

at which it is driven. It can thus be coupled up to the

battery with the full knowledge that under no circum-

Fig. 186.—A C.A.V. dj'namo with commutator cover removed to show
brush gear.

stances of engine variation can it charge at a rate which

is liable to be prejudicial to the storage cells.

No dynamo can give its full output of current when it is

being driven at a very low speed. If it is directly con-

nected to the accumulator and the voltage of the latter

is greater than that of the current produced by the

generator, then the current will flow back from the bat-

teries to the dynamo, and will, be dissipated in trying to

drive it as a motor. Hence it is necessary to incorporate

in the installation some automatic device which will dis-

connect the dynamo from the battery when the former is
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being driven at an unsuitable speed. This deviee nearly

always takes the form of a switeh or eut-out, operated

Fio. 187 —The armature of the Brolt <lyoamo i« provided with a cooUug

fan to ensure its maximum output being obtained witliout over-

heating,

by an electro magnet working against a spring in sueh a

manner that the battery-djaiamo circuit is only closed

when a certain voltage is reached, and until that voltage

is reached the cir-

cuit remains open.

It is notable that

in the ordinar}'

C.A.V. installation

—this was one of

the first really suc-

cessful sets to be

made in Europe,

and has now estab-

lished a world-wide

reputation— the

electrical cut-out is

dispensed with on

account of its

liability to failure. fig. iss.-

Instead, the engine

drives the dynamo
through a free-wheel pulley, so that when the latter is not

making enough current to charge the battery the cells can

discharge themselves by turning the dynamo as a motor.

This, however, demands very little current, as the free-

wheel permits the dynamo armature to " motorize " very

-C.A.V. dynamo with end plate

lu position.
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easily. The buzz of the free-wheel also reminds the driver

to switch the dynamo oft if he has left it at " charge
"

inadvertently after stopping his engine. It will easily be

understood that if a cut-out should fail to disconnect the

dynamo circuit when the engine is stopped, then the

batteries would try to motorize the armature against the

heavy load involved by tending to turn the whole engine,

and that in these circumstances the discharge of current

from the accumulator would be very heavy indeed.

Electrical Regulation

As already mentioned, practically all present-day car

dynamos are made to provide a constant voltage of output

Fig. 189.—UiagTammatic illustration of the wiring of a Brolt dynamo.

current by self-contained electrical means. The most

common arrangement employed, though it is subject to

numerous ^'ariations, is for the fixed magnet to be wound
with two separate windings, one of which is connected to

one pair of main brushes on the commutator, whilst the

other, which is opposed to the first winding, is supplied by

a subsidiary pair of brushes. The latter are so placed as

to tap a somewhat weaker current than that collected by
the main pair. The result is that the speed of the dynamo
is increased, whereas in the ordinary way the intensity of

current in the field magnet is increased, leading to still
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further increase in voltage. In this case the opposing
current in the windings is increased also, so that as the
armature speed rises the magnetic flux remains constant
or is soon decreased. Thus the voltage tends to remain
constant. As a rule the subsidiary brush, or brushes, is,

or are, so arranged that the voltage can be regulated,

consequently it is always a little higher than the

maximum of the battery.

It will be understood that the design of a dynamo, the

object of which is to gain a constant output at all usual

speeds, is a mechanism which lends itself to a great many
variations, and that a -^-ery great amount of space would
be required for a description of all the principles which are

adopted in actual practice.

Thermostatic Control

One of the principal disadvantages under which motor
ear batteries suffer is that the load placed upon them by
the engine starter, lamps, etc., varies very greatly, and also

that the rate of charge cannot be relied upon. Thus one

day a car may be used for traffic work, and the dynamo
upon it ma}^ easily be so geared that it does not charge

the cells jJi'oductively for more than a few minutes in as

many hours. The next day the same car may be required

to do a long journey in the country, and in these circum-

stances the dynamo will be actively generating energy

practically all the time it is running. Again, in winter,

the headlamps will be very frcqviently required, the

electric starter may take more energy from the cells because

the engine does not start so readily in cold weather. Yet

during the same season most cars are used iTiore than ever

for town work and short journeys punctuated with frequent

stoppages. Hence at the very time when the battery is

having to do the most work, the probability is that it is

receiving the smallest amount of charge.

Two things thus have to be guarded against : the under-

charging of the battery in winter and its overcharging in

summer. Of the two the former is the more dangerous,
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though the latter, as will be explained, is a fault to be

avoided very carefully. To meet the difficulty of under-

charging, it is nearly always found necessary to instal a

dynamo which gives an output somewhat higher than that

which is ordinarily required to meet the rate of average

discharge. Were this not done it would occasionally be

necessary, during the Avinter, for the car-owner to have his

cells removed and separately charged. The employment

of a larger dynamo enhances the risk of overcharging

during the summer, and it is consequently advisable in hot

weather, when long runs are common, high speed is usual,

^^^1/ /v\r-y\/\'V j-^i

f-r^.'ttT-

HOT apjO OPe^

FiC4. 190.—The field current control tliermostat on a Remy generator.

and lamps and starter take a light load, to allow the dynamo
to do occasional charging for an hour or so at a time rather

than let it run continuously.

In the American Remy installation an ingenious method

is employed to mitigate the trouble referred to above (Fig.

190). The constant output of the generator is controlled

in the usual way by means of a third brush working as the

commutator. In connexion with this regulating circuit is

a simple form of thermostatic switch so arranged that the

circuit is cut and the dynamo ceases to charge at full power

as soon as a certain predetermined temperature is reached.

The thermostat is placed upon the body of the dynamo,
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and is, therefore, not only affected by atmospheric tem-

perature, but also by the heat set up by the action of the

generator itself. The latter is, of course, largely deter-

mined by the output of the machine. In cold weather the

thermostat switch will practically be inactive, as in these

circumstances it is desirable that the batteries should

receive all the current that they can get, but in warm
weather it will cut-out after a certain amount of charging

current has been passed to the cells, and thus effectively

prevent them from being overcharged, by reducing the

volume of current.

The switch in question simply consists of a blade of two

strips of metal (having different ratios of expansion, namely

nickel and brass welded together), which warps under the

influence of heat, but when in its normal position causes

a couple of contact points to be held together, thus enabling

the current to pass into the full-output circuit in the

ordinary way. When the thermostat blade opens the

points are disconnected, and under these conditions the

current is diverted through a length of resistance wire,

which cuts down the voltage delivered to the fixed magneto

and also acts as a safety fuse in the event of a short-circuit

in the main charging system.

The Dynamo Drive

In the earlier days of their use car dynamos were nearly

always driven by belt from some convenient rotating part

of the engine ; and although this arrangement is falling

into desuetude, it is still found in a large number of cars.

It is not, however, to be compared in general efficiency and

convenience with a positive drive by means of suitable

gears, enclosed and properly lubricated. Belts of all

kinds are very apt to slip and wear and to require adjust-

ment, and where they are used frequent attention must be

given to this point, otherwise the output of the dynamo

will show a considerable falling off. The belt, however,

should not be too tight, otherwise an unnecessary stress

will be placed upon the ball bearings which carry the
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armature spindle. As a rule the dynamo is so geared to

the engine shaft that it develops its full output at about

fifteen miles per hour on top gear. To facilitate belt

adjustment, the armature spindle of some dynamos is made

eccentric in relation to its body, and the l)elt can con-

FiG. 191.—Belt-driven dynamo on a Standard engine.

sequently be adjusted by twisting the dynamo cage in its

containing case.

Dynamo Maintenunce

The modern car dynamo is so well made, and when

properly installed and of adequate size has relatively

speaking so light a load to deal with, that it requires but

little attention. At intervals the armature spindle bear-

ings should receive a few drops of the best oil, but never

enough to run the risk of flooding out the bearings and

percolating to the commutator. The brushes will not, of

course, last for ever, but in all cases means are provided for

easily renewing them at the end of every season's running.

If the commutator has been allowed to become dirty,

which is indicated by excessive sparking at the;* brushes

when the machine is charging, it can be cleaned either



IGNITION AND ELECTRIC EQUIPMENT 399

with a glass brush or a small piece of ordinary fine-grade

glass paper. Emery should never he used, and any aecumu-

lation of dust from the brushes should always be removed.

In all good makes of clcetric dynamos the eut-out is

a component which should never be interfered with, for

maladjustment even to a very slight extent is calculated

to lead to serious damage, especially if the automatic

switch be made to cut in at too low a speed. In that case

BRUSH HOLDER ^
COMMUTATOR /BRUSH TRIGGER

.TRIGGER SPRING

BRUSH LEAD

TEilMINAL

CARBON BRUSH

E«0 BEARING PLATE

Fig, 192.—Diagrammatic view of Ijriisli gear and conimutator

of a C.A.V. dynamo.

the battery will probably discharge itself through the

dynamo, tending to drive it as a motor.

The Switchhoard

There is a great variety in the design of switchboards

for controlling lighting systems, but in general they all

contain the same elements, namely, switches for the

various lamps, the junction terminals for the main wiring,

the fuses, and the instruments for recording the working of

the generator. With regard to the switches, although the

earlier sets were commonly fitted with ordinary tumblers

controlling each lamp individually, in the more modern

type there is generally a switch for the headlamps, one for

the side lamps, and one for the tail. In some cases the

tail switch is dispensed with altogether, and the tail lamp

so wired that it is always burning, when either the side

lamps or the headlamps are in use. The plunger or chopper

type of switch has displaced the tumbler pattern very largely,

owing to its having a more positive action and being less
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liable to accidental movement. In many modern sets the

rotating switch principle is adopted, consisting either ot

a single lever which can be swung into any of three or

four positions for the contacts of various lamp combina-

tions, or of a rotating body not unlike the face of a clock.

In most American switchboards a locking device is

incorporated so that the batteries cannot be run down

through tampering by unauthorized persons.

In addition to the

lamp switches there

is a switch which con-

trols the charging

circuit. By means of

this the dynamo can

be cut out of action

when the cells are

sufficiently charged,

and it also acts as an

additional safeguard

over the automatic

cut-out when the car

is not in use.

Within the switch-

board are the junc-

tions for the wiring

system, which, as a

rule, are so made that

they can be extracted

without much difficulty. In the more expensive sets they

are always carefully marked so that no mistake can arise

as to the proper terminal to which a wire is to be attached.

Where additional electrical accessories, such as horns, cigar

lighters, etc., outside of the ordinary components of the

installation are desired to be fitted, the wires for such pur-

poses should not be taken direct from the terminals of the

battery, but from those in the switchboard which com-
municate with the battery. This simplifies the wiring, and

at the same time ensures that there is a fuse in the circuit.

Fig. 193.—The lay-out and electrical con-

nexions of a G.A.V. switchboard. The

main leads shown at the top are :

(1) dynamo ; (2) head with tail lamps
;

(,3) side with tail lamps.
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The object of fuses, wliich are generally in the switch-
board, is to ensure that in the event of a short circuit or
other fault developing in any jDart of the system the
battery will be prevented from discharging itself to a
dangerous extent. Another fuse is often introduced into

the dynamo circuit so that if through derangement the
charging rate of the generator should become too high

Fig. 194.—The switchboarcl of a Sizaire-Berwick car removed from its

place in the dashboard.

it would be automatically disconnected. The fuse is

simply a short length of lead alloy wire which will carrj^ a

certain amount of current, but as soon as this is exceeded

it melts, and the elements of the system arc thus dis-

connected instantaneously from one another.

In some switchboards both a voltmeter and an ammeter

are provided, and occasionally the two are embodied

together in one dial, but the more general practice is to

fit an ammeter only, the voltmeter giving little indication

26
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of the real state of the battery, and being therefore of no

great use. The ammeter is, however, ahnost indispensable,

as it always indicates when and how the generator is

charging, and its reading reveals the presence of faults.

In most American installations the ammeter dial readings

indicate both charge and discharge. Knowing the amount

of current which the lamps normally take, it is easily seen

from the dial whether everything is in order or if a fault

has occurred. In the majority of European switchboards

the ammeter relates only to the circuit between the

dynamo and the battery, and therefore it does not indicate

the volume of current absorbed by the lamps and other

connexions. But at the same time it also shows discharge

in case of need. Thus, supposing the automatic cut-out

should fail to disconnect when the engine stops, the

ammeter would show a large carriage of current although

the dynamo was not working at all.

It is only comparatively recently that successful efforts

have been made towards devising an instrument which can

be incorporated with the switchboard for the purpose of

indicating the state of the batteries, and showing, in fine,

whether charging ought to be continued or not. Such a

device, when perfected, will in the near future no doubt

form a valuable part of all electric installations for cars

with any pretensions to completeness, as one of the most

important conditions for success in the equipment is that

the driver of the car should be able to ascertain without

delay or trouble the condition of his battery.

Wiring

In connexion with the wiring of electric installations, a

very marked difference is found between European and

American practice. In the case of the former the double

pole principle is almost always used, whereas in American
systems the single pole principle is the rule. That is to say,

in the latter one terminal of the battery is earthed to the

frame of the car, and one terminal of each lamp is similarly
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earthed. In European installations there is no earth

wire at all, and therefore each lamp has two separate

contacts. It is unnecessary here to discuss the pros and

cons of the matter. It is sufficient to say that the single

pole practice saves a considerable amount of wire, and is

therefore cheaper in first cost. On the other hand, the

Fig. 195.—Diagram of single-pole lighting circuit showing
one \^-ire earthed.

double pole system is certainly less susceptible to faults

short circuits, and accidental derangements in general.

Electrical Output

The generators which form an essential part of an electric

installation have a size with proportionate output, which

is determined by the demand made upon the battery, their

function being to keep the latter as far as possible always

fully charged. That is to say, the dynamo output must

be in excess of the current absorbed by^ the lamps, self-

starter, ignition device (when installed), and other attach-

ments of occasional utility, such as cigar-lighters, etc.

Roughly speaking the discharge rate will be as follows :

2 Headlamps (50 watts) : 4} amperes at 12 volts, 9 amperes at 6 volts.

2 Side lamps (12 watts) ; 1 ampere at 12 volts, 2 amperes at 6 volts.

1 Tail lamp (6 watts) : J- ampere at 12 volts, 1 ampere at 6 volts.

Ignition (18 watts) : IJamjicres at 12 volts, 3 amperes at 6 volts.

ToTAi,, 86 watts.
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In this case a dynamo giving 100 to 120 watts at full

output would be sufficiently large to take care of the

maximum discharge, with an overplus for making good

the heavy, but short, demand made by the self-starter,

and also for providing a " soaking current " to the bat-

teries, which ensures that they are always in the best

condition. Tlae ampere-meter in a 12 volt set of this

output would thus contiiuially read from 8 to

^ 10 amperes.

BuUeries

% The storage cells used upon motor cars are

generally of the ordinary secondary tj'pe with

lead grids and dilute sulphuric acid electrolyte,

but they are of course specially designed to

occupy the least possible space and, above all,

to withstand the very heavy discharges of

current which ai'e called for by the operation

of the starting motor. They must also be

strong enough to withstand a wide range of

cliangcs in temperature, and also a good deal

of vibration. Their capacity varies consider-

aljly, but 40 ampere-liours is an average

figure. This means that, wlien fully charged,

they would light two twelve candle-power
testing the headlamp bulbs for about twenty hours con-
specific o;ra- ,

• n

. t . , tniuously.
vity ot arid

solution. Contrary to the common idea, it is abso-

lutely essential that batteries should receive

frequent and careful attention, especially in regard to

the height and specific gravity of the electrolyte. The
latter is made by adding one part of pure sulphuric

acid to five parts of water, and the density should

be approximately 1-270 in a moderate climate when
the battery is fully charged. The electrolyte should

always cover the top of the plates, as otherwise part

of their effective surface is lost. Loss of electrolyte

by evaporation should be made good by adding distilled

Fig. 19G.—

C.A.V. hy-

dronieterfor
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water to the cells. If, however, electrolyte is spilled, the
acid solution alread.y specified must be poured into the
cells until the correct height of liquid is attained. Over-
charging in warm weather is a common cause of lowering

^, -*^ ,«-**^

FiC4. 197.—The hydrometer in use : it acts by sucliing up a

portion of tlie acid solution.

of the electrolyte level. Unless this is jjroperlj^ maintained,

the battery will suffer permanent damage.

The Starting Motor

It was a matter of some years' e^'olution and development

before electricity as a source of power for starting the car

engine became absolutely standardized, f<n- it had to

compete with compressed air starters and mechanical
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devices, pedal-applied or hand-operated from the driving

seat. However, the electric starting motor is now practic-

ally unrivalled, and its type is so well established that a

Fio. 198.—A moohanical method of engaging the starting motor with

tJie engine fly-^vheel.

description of one machine would apply equally well to

almost all the others, so slight arc the differences between

one make and another. Indeed, one of the few points of

dissimilarity is this, that in some cases the motor is sup-

Fic. 199.—A Brolt starter employing the Bendix method of starter

engagement.

ported in a bracket or cradle at the side of the crank-

chamber, whilst in others the end plate of the motor body
is spigoted into the casing surrounding the fij'-wheel.

There seems to be very little doubt that from every
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point of view the latter is the better practice, because it

makes it almost impossible for anything to affect the

adjustment between the teeth of the pini(m on the starting

motor spindle and those on the fly-wheel spur-ring.

The earlier electric starters wcrcj necessarily designed

as accessories rather than as essential components to be

introduced into the chassis by the car manufacturer, and

in these friction drive was often adopted as offering the

best and most convenient solution of the problem of fitting

the starter without rendering any structural alterations

necessary. The friction principle also had the advantage

that it imposed a shock absorbing medium between the

.8R0:§-

ri( 2nO —Broil starter

\iith pillion in mesli.

motor and the fly-wheel. The latter, however, could not

easily be kept free from grease or dust, and tlie friction

drive consequently proved so unsatisfactory that it was

at last abandoned.

In America several forms of gear drive incorporating

clutches were tried with more or less success, but ultimately

the inertia-pinion, or Bendix drive, forced everything else

out of the field and is now embodied in practically all

separate unit starters. These machines arc generally of

the four-pole, series-wound type, giving a very high torque,

and taking quite a small consumption of current as soon

as they have got well into motion.

The object of the Bendix transmission drive is to engage

and disengage the starting motor with and from the



408 MODERN MOTOR CAR PRACTICE

engine automatically. Its general arrangement is made

clear in Fig 199, and its principle of working is as

follows. The extended shaft of the starting motor carries

a hardened steel cylindrical sleeve, upon the outside of

Fig. 201.—The two sides of a Premier engine fitted with Delco generator

and starter on opposite sides.

which is a screw thread. Working upon this sleeve is a

steel pinion, adapted to fit the spur-ring on the periphery

of the fly-wheel, which can move along the screw thread for

such an axial distance as will allow it to engage and dis-
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engage with the spur-ring. The screwed sleeve is a loose

fit upon the electric motor spindle, and is connected to it

by means of a coil spring, one end of which is fixed to the

sleeve, the other being fixed to the spindle. The object

of this is to facilitate the engagement of the gears and to

avoid all shocks.

AVhen the starting switch is closed, current flows from

the battery to the starting motor, the armature of Avhich

being free begins to revolve at a high speed, and with it

the threaded sleeve. If the pinion upon the latter were

of the ordinary

symmetrical type,

it would revolve

too, but it is pur-

posely cut away

at one side to pro-

vide the equiva-

lent of a bol5 or

counter Vi-eight.

This increases the

inertia of the

pinion, w h i e ]i

therefore tends to

lag, an effect

which causes the

screw thread to

draw the pinion

gradually into mesh with the fly-wheel rack, so that the

motor starts turning the engine. Nothing can prevent

the engagement of the teeth, because, if the edge of one

pinion tooth should abut against that of another upon

the fly-wheel, the axial movement of the pinion is moment-

arily stopped and it begins to reA'oh'c, with the result

tliat the two teeth come instantly out of line and full

engagement is thus assured. It will be understood that

a iarge starting torque is obtained by bringing the starter

pinion into mesh whilst the motor is running at a fairly

high speed.

Fig. 202.—Delco starter with fly-wheel cover

removed to sliow method of engagement.



410 MODERN MOTOR CAR PRACTICE

As soon as the engine starts to fire, the speed of the fly-

wheel becomes higher than that at which the motor could

drive it, and therefore tlie engine tries to drive the motor.

When, however, this effect obtains the pinion is revolved

upon the screwed sleeve, and is thus drawn clear of the

teeth of the racli, and consequently the starting motor

remains un-

affected, even

if the starter

switch be
pressed whilst

the engine is

running.

In a varia-

tion of the

inertia-pinion

device, the
loose sleeve and

the spring drive

are dispensed

with by giving

the starter

switch a kind

of double ac-

tion in two dis-

tinct steps.

This is really

the double
switch, long

known in the

electrical in-

dustrv. When the switch-button, or otlier device, is

partially depressed, it allows sufficient current to pass to

the motor to cause the armature to revolve steadily but

slowly, and at least sufficiently to cause the pinion to slide

into engagement with the fly-wheel racks. Further

pressing of the switch applies full power to the motor and

starts the engine. As, liowever, only a small amount of

Fig. 203.—Brolt starter on a Clemcnt-Talbot car.
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power is developed whilst the switch is in its first stage

position, the likelihood of the pinion and rack Ijeing

damaged is remote.

The starting switch is sometimes arranged to be worked
by foot, sometimes by hand, and in more modern types
it is not uncommonly fitted with a lock so that it cannot
be tampered with.

The fact that the start-

ing motor takes a heavy
discharge of current ren-

ders it necessary to feed

it through a cal)le of large

diameter, and very great

care has to be taken that

the connexions are satis-

factorily made.

Fig. 204.—End view of Brolt starting

motor slio«'ing Ijrusli gear and
connexions.

Single Unit Imtallaiions

The employment of

two separate electrical

machines, one for start-

ing and the other for generating current, is at present

the commoner method of the two, Ijut there are many
who favour the single unit principle in which one

armature is made to ser\'e Ijoth piu-poses. In the case of

the American-made Delco system—the first complete

starting and lighting installation to demonstrate the

success of electricity for these functions—the armature of

the constant-output dynamo can be geared by suitable

pinions and clutches to the spur-ring on the engine fly-wheel,

in order to act as a starting motor. As a generator, it is

driven by a convenient shaft on the engine, the drive being

furnished with a free-wheel to enable it to overrun this

shaft when motorizing. In addition to this free-wheel

there is a relay or automatic cut-out.

In the English-made Lucas apjjaratus the same gear

ratio between the engine and the armature is retained

whether the latter is generating or motorizing ; but this
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desirable simplicity is only rendered possible by making the

eombined machine unusually large. This, however, is not

a serious disadvantage, as some considerable economy is

effected by using one machine instead of two, but the

sj'stem is perhaps not yet suitable for any but small

engines. The drive used is a single chain, cither to the

Fjg. 205.—Ducsenberg four-cylindsr engine sliomng Leece-Noville motor

anil starter in two separate units. This i.? the ino.st usual arrangement,

but in some cases a stni-ter-djiiamo as a single unit is employed,

engine cam-shaft or the crank-shaft, whichever is most

convenient in a given case.

Motor Cycle and Cycle Car Type

It is obviously necessary, in vehicles of small size making

claims to economy in first cost, to reduce as far as possible

the outlay demanded for electrical equipment. One
method of effecting this, and adopted by the firm of Lucas,

is to embody the ordinary high-tension magneto in one

machine with the dynamo, both being driven by the same
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spindle. This arrangement, of course, much simplifies the
fitting of the installation. The dynamo is actually a com-
plete unit in itself, and is housed within the upper part of

the horseshoe formed by the permanent magneto, whence
it can be withdrawn as a unit. It is driven by a train of

gearing which gives it a speed in conformity with the normal
engine revolutions. This speed is considerably higher than
that of the magneto armature. The "magdyno," as it is

called, can be used in conjunction with a small engine
starter, but its output by reason of its restricted dimensions
is necessarily low.

Ignition

The Magneto

The means adopted in all modern internal combustion

engines for motor vehicles to ignite the explosive gas in

the cylinder is to provide an electric spark which takes

place between the two insulated electrodes of a sparking

plug, situated within the cylinder. There are two
principal methods of obtaining this spark, the one employ-
ing a high-tension magneto, which is an entirely self-

contained machine, the other consisting of a battery work-

ing in conjunction with a coil, and suitable apparatus for

timing the ignition. In the latter case it will be under-

stood that the source of energy is extraneous.

About the j^ear 1905 the high-tension magneto began

to displace coil and battery systems of ignition owing to

the unreliability of the latter, and it is not too much to

say that the motor car of to-day owes its reputation for

freedom from likelihood of breakdown almost entirely to

the magneto as an ignition apparatus. It is possible,

however, that the magneto will almost disappear from use

in course of time ; though should it be ultimately displaced,

it is quite certain that it will remain, at least partially,

in vogue for a very long time to come.

If a loop of wire be rotated in a magnetic field, an

electric current will be generated in it according to the



414 MODERN MOTOR CAR PRACTICE

strength of the field and also according to the speed of

rotation. This, of course, is the principle upon which the

dynamo works, and the magneto is, in its essentials, a

dynamo.

When a current of low tension, produced in the above

manner or drawn from a battery, is passed through a coil,

consisting of a considerable length of thin insulated wire

wound round a soft iron core, it induces within it a current

of high tension, and one of the properties of the latter is

its ability to jump a gap when the low-tension circuit is

Arnuiture.

Condenser.

^lip rin^'.

B.T. (.oDector brush.

Jifru^li spring.

Urash holder.

Insulated H.T. wire.

. Carbon brush holder.

Distributor body.

Lead terminals.

Contact breaker re-

taining screw.

Cam retaining screw.

. Contact breaker

cover.

Primary winding

earth connexion for

cut out switch.

Dust cover.

Fia. 206.—The component parts of a modern magneto.

suddenly broken. Hence a magneto consists of the

following principal elements :

(1) A magnetic field which is provided by two or more
permanent magnets furnished with pole shoes of suitable

shape.

(2) An armature revolving in the magnetic field between

the pole shoes. The armature consists of a soft iron core

upon which are made a few turns of comparatively thick

low-tension wire, above which are a larger number of turns

of thin high-tension wire, forming a continuation of the

former. The armature, therefore, combines the function
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of the generator of tlie current, and also the induction
coil.

(3) A contact breaker by means of which the low-tension
cn-cuit is mechanically broken at the correct time.

(4) A distributor, whereby the high-tension current is

dn-ected to the sparking plug in the correct cylinder at the
appropriate period.

Dealing with such points a little more fully, we can
consider the action of these components in relation to one

X. TnsuLitcil )il;itc conncolcd Ijy

fei](i-i' snn'w to priillury.

P. L'latiiiuin screw contact point.

Q. L>itto. ditto.

R. llell crank return si)rinL%

_Y S. J'.io('i; conneeted to tiell eranlc

and earrjinu^ cartioQ eartliinL'

brusli.

T. l_'aio for oi.)t'r[itini,' bell (a-anlv.

y. Cover retaining/ eliji.

Fig. 207.—Make-ancl-Jjreak mechanism of American Bosch maoneto.

another. Rotation of the armature between the pole

pieces of the permanent magnets causes a current to flow

in the low-tension winding, and this induces a high-tension

current in the thin outer winding. It is the opening of

the contact points in the niake-and-break mechanism

which effects the production of a spark. Therefore the

mechanism of the contact breaker must be carefully

adjusted relative to the piston in the engine, so tliat the

spark occurs when the piston is just about at the top of its

stroke with a charge of compressed gas above it. For this
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purpose the contaet breaker is mounted upon the armature

spindle, this last being driven from the engine by positive

gearing which allows the timing to be exactly determined.

The contact breaker consists of a pair of platinum

points, one of which is mounted solidly upon the body of

the mechanism, whilst the other is supported on one end

of a bell-crank, the other end of which bears against

the periphery of a cam. Thus, as the armature rotates,

the points are opened, the number of cams and hence the

number of openings per revolution being determined by

the number of engine cylinders.

When the contact breaker points are suddenly separated

the tendency is for the high-tension current to escape.

It is therefore nccessarv to collect it and direct it to the

desired channel. For this purpose the outer end of the

liigh-tcnsion winding is led to an insulating ring against

which bears a carbon brush, the function of the latter being

to collect the current whilst the armature is revolving.

From the brush the current is led, by a suitable conductor,

to the centre of the distributor. In a four-cylinder engine

this consists of a body of insulating material formed as

a circular cup into the sides of which are let four brass

segments equidistantly. The central portion of the dis-

tributor consists of a rotating arm of insulating material,

in which is carried a spring-fastened brush wliich makes
contact with the segments one after the other. The seg-

ments are connected with the high-tension wires to the

sjjarking plugs, and it is through them that the spark is

caused to take place in the cylinder.

In some forms of the high-tension distributor a contact-

brush is dispensed with altogether. Instead of the seg-

ments mentioned, there arc a number of pegs which are

almost in contact with the rotating central body. The
energy of the current is such that it leaps across the small

gap so formed and also across the second gap furnished by
the sparking plug points. This arrangement has the

advantage that the distributor works without any friction,

hence little or no wear and tear takes place.
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The distributor is always driven at half the speed of the

armature, for the following reason. The Avindings of the

latter are coiled round a soft metal eore of H section,

which rotates in the armature tunnel. In certain positions

of the core tlie lines of force which proceed from one
magnetic pole to the other are free to pass through the

core itself, and not through the wires. Consequently at

these positions no current is generated in the latter, be-

cause they are not actively cutting any lines of force at

all. When the armature has passed through a quarter of

a revolution the winding is intei'posed between the pole

pieces of the magneto, the lines of force are cut by the

A. Armature.

~B. Condenser.

C. Distributor plate.

D. Slip rincr.

H. Ral£-speed Lrear.

T. High-tension leai]

.

J. Centre H.T. ter-

minal.

K. Bistributor body.

L. Centre terminal
for auxiliary or
starting ignition
H.T. lead.

M. Contaft breakr-r
bell crank.

N. Insulated contact
breaker plate.

O. Centre screw, lo-

cating contact
breaker and also

iormiii!:,'' a low-
tension lead.

Q. Muminiam body.

T. Contact breaker
cover.

Y. Contact breaker
cams.

AV'. Contact breaker
cover plate.

X. Cut out connex-
ion.

Y. f; o V er plate
Slilill- dip.

/. IT.T. c Li rb o n
brusiics.

FiGf, 208.—An American Bosch magneto witli hoi-izontal thstributor.

wires and a current of maximum intensity is generated

in them. It will casil}^ be perceived that in one revolution

of the armature the current is twice at its minimum and

twice at its maximum energy, and for ignition purposes

it can be tapped twice.

Since in a four-cylinder engine there are two explosions

per revolution, the magneto accordingly runs at engine

speed in order to provide the appropriate number of sparks.

In conformity with this the contact breaker is opened

twice per revolution, but the high-tension distributor is

called upon only to complete its contacts with the four

segments once in two revolutions.

27
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Presupposing that the armature is generating its

maximum current when the contaet breaker points are

separated, and that the distributor so directs the current

as to cause a spark in the appropriate sparking plug, the

engine will continue working until the ignition is switched

off. This is effected by short-circuiting the low-tension

current to earth, instead of allowing it to induce a high-

tension current in tlie secondary winding. For this purpose

a terminal, from which a wire can be taken to a switch,

is mounted in the lid of the contact breaker casing.

It will be understood that although, speaking broadly,

an explosion of gas in the cylinder is instantaneously pro-

duced when a spark takes place, actually the ignition

takes a certain amount of time. If, when the engine is

running fast, full advantage is to be taken of the explosion,

it is necessary for the spark to occur before the piston has

reached the top of the compression stroke, so that the full

force of the explosion may be generated when it is just

commencing its working stroke. On the other hand, if

early ignition took place when the engine was working

slowly, the explosion would occur during tlie compression

stroke and so cause a " back-fire."

In order that l:)oth conditions may be satisfactorily met,

a means of advancing or retarding the ignition point is

placed under tlie control of the driver, and, for this purpose,

the contact breaker cams already referred to are nrounted

upon a movable sleeve, the position of which witliin certain

limits can be altered by a lever on the steering wheel.

It has been seen, however, that there are certain

maximum and minimum points at which the current in

the armature is greatest and least. For the most efficient

ignition the contact breaker should only be opened at the

point of maximum current, and, clearly, if the timing of

the ignition is to be controUal^le, this condition must be

A'itiated. In actual practice the contact breaker is so set

in relation to the armature that, at the point of fullest

advance (i.e. the contact lircaker points opening early

—

for high speed) the current is at its maximum. Hence, if
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the ignition is retarded, the cnrrent is weaker and the

spark becomes rather less effeetive for that reason.

To overcome tliis difhcnlty some magnetos arc fitted

with a device termed an impnlse starter, in which the

contact breaker remains fixed relative to the armatnre,

but the armatnre itself can be advanced and retarded in

relation to its driving gear, and therefore in relation to the

crank-shaft of the engine. This is generally accomplished

by some form of helical spring mechanism. A similar effect

can be obtained by I'otating the field magneto bodily in

relation to the armature, but necessarily this involves a

certain complication in the magneto mounting.

It will be easily understood that when the magneto is

being driven at ver}' high speeds the current generated in

the armature is extremely powerful, since the machine

must be designed to produce even at low speeds a current

sufficiently intense to fire the mixture. Also, seeing that

this current is dependent upon the lines of force cut in a

unit of time, it follows that the intensity of the current is

proportionate to the speed of revolution. Such being the

case, if the current were to have'no outlet provided for it

—

for instance, if the high-tension wire should Ix'come detached

from one of the sparking plugs—the tendency of the high-

tension current would be to " earth " itsell', and in doing so

it might easily rupture the insulation of tin- armatm-e

winding. To guard against this, a safety sjiark gap with

points at about f in. apart, is provided so that the ciu'rent

can earth itself in case of need.

For the sake of convenience the magneto sliaft-coupling

employed on the engine is nearly always designed to allow

of close adjustment, the spindle of the magneto armature

being connected to the coupling with a cone and a keyway.

The timing of a magneto is effected as i'oUows. The

piston of No. 1 cylinder—namely that nearest to the

radiator—is Ijrought to its tojD dead-centre. This is

frequently indicated by a mark on the fly-wheel. But in

a four-cylinder engine the same mark applies to top

dead-centre of the piston in the fourth cylinder. Hence,
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the fact that the piston is at the top of its compression

stroke (and not its suction stroke) should be ascertained

by verifying the position of the engine valves. If both are

clear of their cams the position is that which is required,

as when the dead- centre point in the suction stroke is

reached the exhaust valve would just be closing and the

inlet valve just opening.

Next, by means of the hand control lever on the steering

wheel the contact breaker is retarded to its fullest extent.

The cover of the distributor is then removed in order to see

that the distributor-brush is making contact with the

segment that applies to the sparking plug of cylinder

No. 1. The armature spindle is now moved carefully

until the points of the contact breaker are just opening

and the magneto coupling is secured in that position. This

will be correct for all engine speeds, providing of course

that the advance is used when the conditions are favourable.

Coil and Battery Ignition

In the earlier days of motor cars electric ignition was
almost universally obtained by means of a coil and battery

working in conjunction with a contact breaker mechanism
and a suitable form of distributor. The reason of its

almost complete abolition by the magneto was because

the design of the latter was far in advance of that of the

former. Moreover, it was an uncommon experience to

maintain batteries in good condition for anv length of time.

They were charged at irregular intervals, and generally

speaking very little understood and cared for.

In connexion with coil ignition its performance is much
improved. Owing to the use of lighting dynamos and
electric starting installations, secondary batteries are indis-

pensable components upon practically every car, large and
small. They are kept charged properly by the dynamo,
and they thus supply a perfectly reliable source of energy
for ignition purposes. Having regard to the fact that the

battery is therefore used for these purposes, the fitting of

coil ignition becomes extremely cheap and convenient.
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From the point of view of general efficiency there is

practically nothing to choose l^etwcen the coil and the

magneto. Such differences as exist perhaps favour the

former, more especially in view of the advantage that the

energy of the spark is independent of the speed of rotation

of the engine, and that throughout the whole range of

advance and retard the spark is always at its maxinumi
intensity.

The principle upon which this ignition system works is

exactly similar to that of the magneto. A battery provides

a source of ^jrimary or low-tension current, which, con-

FlG. 201).—A complete electric installation, in which the main storage

battery snpplies current for an ignition coil. The distributor is

gear-driven from the engine. The circuit is single-pole, two leads

being taken to the head lamps to supply two independent lamps.

trolled by a contact breaker mechanism, induces a high-

tension current in a coil. This is discharged to the sparking

plugs by way of a distributor. The distributor and the

contact breaker are generally formed as a single unit which

is " timed " in relation to the engine by gearing in the

usual way. In some of the more modern designs these

components are driven from the armature of the lighting

dynamo, simplification being effected by this means.

Modern coils are also made to take the full voltage (either

6 or 12 volts) of the ordinary electric circuit. To guard

against accidental discharging of the battery through the

ignition circuit (if hv chance the ignition switch should have
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been left on and the contact breakei had come to rest m the

closed position of the points) in the Connecticut and C.A.V.

systems—two of the leading makcs^thcre is an automatic

switch acting on the thermostatic principle which cuts

off the current altogether after leakage has taken place for

a short period—say half-a-minute or so.

The sparking plug points for coil ignition are set a little

wider apart than is considered suitable for the magneto.

This is due to the fact that the spark is of a rather different

character, though for the purpose of igniting the mixture

it is equally good, if not actually better.

Dual Ignition

On large engines dual ignition is sometimes provided.

As may be judged from the foregoing remarks, coil ignition

is particularly good for starting up, since, however slowly

the engine is turned, the spark is a powerful one. In

some cases the magneto itself is adapted, by means of an

addition to the co)itact breaker and distributor components,

to provide a secondary ignition. It is preferable in such

cases that the two sh.-iuld always work together simul-

taneously, and that the plugs should be placed as far apart

as possible in the cylinder, so as to ignite the mixture

at two well-separated points. This, in the case of large

engines, increases the rapidity with which the explosion

pressure takes place, and consequently makes for an

increase of power.

IVie Ignition of the Ford Car

The ignition installation provided on the Ford car is so

different from that of other ears that it deserves special

mention. In this machine the elements of a low-tension

magneto arc embodied in the fly-Avheel. The current col-

lected therefrom is conducted, via the primary winding

of a vibrator coil, to a so-called " commutator," which
consists of a ring of metal segments embedded in fibre

against which bears a spring-loaded roller upon the arm
of a central rotating piece. The object of this commutator
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is to complete the primary circuit at tlie ajjpropriatc time

for firing a charge in the cylinders. Each of the insulated

segments is connected to a separate coil, and from each coil

a wire passes to an individual sparking plug.

When the primary circuit in an individual coil is com-
pleted, by the commutator passing the current to earth,

the core of the coil becomes magnetized. The magnetic

attraction thus caused separates platinum points, which,

by reason of the " spring " in the trembler blade, arc

normally in contact, and breaks the circuit. Tiic core then

loses its magnetism, so that the circuit is again completed.

So rapid is this aetioii that the trembler emits a loud buzz,

and during the momentary period in which the contact

roller is passing over the commutator segment the circuit

is made and broken a great number of times. Each of

these ruptures of the primary current induces a high-

tension circuit in the secondary winding of the coil.

This winding being earthed at one terminal and connected

to a sparking plug at the other, the high-tension circuit

can only be completed by the current bridging the gap at

the sparking plug pcjints, and in this action a spark is

caused. E\'ery rupture of the primary circuit causes a

separate spark to occur, and it is owing to the eflicient

nature of this intense series of sparks, as an ignition agent,

that coil ignition is rapidly gaining favour.

Mechanical Starting Apparatus

Although the electrical motor starter for car engines has

achieved great popularity, mechanical apparatus for the

same purpose was and is sometimes emploj^ed. The

fitting of an electric starting apparatus niay involve con-

siderable additional expense, and is a serious item in the

cost of a medium-priced car. Manjf ingenious ideas have

been worked out in the past. These include spring motors

for attaching to the front of the engine, while in one case

the act of stepping on to the running iDoard of a car was

supposed to start up the engine—in theory at any rate.

At the present time such apparatus is not conmionly
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employed, but in certain cars, the Chiribiri and the Duplex,

for example, levers are provided for starting the engine

from the driver's seat.

In both these cars the

apparatus appears to

operate quite successfully,

and saves the trouble of

dismounting from the car

in order to start up. In

the Duplex car a pinion

embodying a pawl and

ratchet device is mounted
on the shaft between the

clutch and the gearbox.

On the front of the gear-

box is a lever of such a

length and so mounted
that its toothed segment

extension can be brought

into engagement with the

the engine (Fig. 210).

Fig. 210,—Detail of the hand starter

used on the Duplex car.

pinion-wheel, thereby rotatin

The lever is

pulled up from

the floor-board so

that a good pur-

chase can be ob-

tained, and the

engine spun at a

good speed. When
not in use the

lever is out of the

driver's way. The
general arrange-

ment can easily

be followed from

the illustrations

herewith. The device on the Chiribiri car is similar in

effect, though different in operation.

Fig. 211.—The starting handle in the lower
position ready to engage the gear, through
which, via the clutch, the engine is started.



Fia. 212.—The general lay-out of the Wolseley compressed-air starter,

425
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Although compressed air for starting is not now used on

modern cars, there are a numl^er of Wolseley and Adams

cars still in service, in which such apparatus is fitted.

This installation, of course, is also useful because the same

air supply that is used for starting the engine can be

employed for blowing up tyres. The diagrammatic illus-

tration (Fig. 212) shows the general arrangement of the

mechanism. Primarily it consists of a small air pump
which can be brought into engagement with the engine

or a wheel in the gearbox, which then compresses air in a

reservoir up to a pressure of about 300 lbs. to the square

inch. The pump is so designed that its maximum capacity

is, say, 300 lbs. to the square inch, so that there is no

danger of bursting the air bottle.

The air tanks are tested for a pressure of nearly 1,000

lbs. to the square inch, so that there is an ample margin

of safety. The air is then driven to the reservoir, from

which it can be drawn and passed through a distributing

mechanism to the engine, where it enters through the

valve caps. It is always advisable to keep the reservoir

up to maximum pressure and then to cut out the com-

pressor, thus avoiding unnecessary wear and tear.

Various inexpensive devices are employed for starting

up cars from the seat. The " Tipperary " mechanical

starter for Ford cars is an example. In this appliance

there is a long lever which is mounted on a carrying bar,

the latter being attached to the running board truss rods

which are part of the standard car equipment. Two cables

are also attached to the lever, one of which engages the

starting handle as the lever is pushed forward, and the

other turns it round as the lever is pulled backwards. This

device can, of course, be fitted to any Ford car not pro-

vided with a self-starter, and is simple and inexpensive.

It is said to be thoroughly satisfactory in use, while danger

from l:)ackfiring is reduced to the minimum.



CHAPTER XXII

AMERICAN AUTOMOTIVE ELECTRICAL
APPARATUS

Electric lighting, starting, and ignition apparatus con-

stitute the major electrical units of the present-day

American motor car. So that one may better grasji the

dii^ferences in the design and care of the various automotive

electrical systems used in the United States it is well to

review the general trend in design in 1920 motor cars,

which were the latest available at the time of writing.

In order to arrive at a true analysis of the trend in

design, 127 makes of American- built cars were examined,

including veliicles by all the prominent makers. Percen-

tages in the tables which follow arc, therefore, based on

the 127 cars as 100 per cent.

Seventy-eight per cent, of the American j^asscnger car

manufacturers jjrovided their cars with battery ignition

as standard equipment. Of these, 90 per cent, were of the

breaker distributor type, tlie others being of the timer

type, with a vibrating coil for each cylinder. The re-

mainder were fitted with magnetos. A further division

is given in the following tables.

Table
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Table II

TYPES OF IGNITION

No. of Users.
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Electric Generators

Nearly all present-day systems operate entirely on 6

volts, the few exceptions being those which have 12 volts.

Table VI

GENERATOR VOLTAGE

No. of Users.
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wiring system, the frame of the car acting as the return

or second wire. These proportions arc given below:
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at least on passenger cars. The most modern ignition

units are self-contained, the breaker mechanism, trans-

Fic. 213.—North Bast equipment mounted on a R,eo chassis. Note over-

running starter clutch, mou.nted in back of power clutch.

former coil, distributor, and ballast coil being mounted on

the same base.

As the generator is the source of current upon which the

Fig. 214.—Leece-Neville generator and starter and Remy ignition unit
on Haynes " Light Six'' engine.

entire electrical system depends, it is logical to consider
this unit first. During the early stages of its develop-
ment many systems were used for regulating its output,
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Fio. 215.— Deico generator and ignitionunitas

used ill the Marmon 34.

but during the la.st lew years all tlic.se seheiues lia^-e been
replaced by the two which are now in conmion use.

G e n erat o r s
,

therefore, may be

divided into two
general classes

;

namely, current

regulated and
voltage regulated.

A further differ-

entiation in the

case of the current

regulated type de-

pends upon the

control of the

output, which
may be by the

third brush
system, or by means of a buck or reverse winding.

This type of machine is by far the most popular, and
includes models of nearlj^ all American makes. In its

present form the

„..,.,-„,...- pi -~ .... ,,„.,.. unit is self-con-

^-^ ^— " • taincd, as the

regulation is in-

herent, requiring

no outside regu-

lators.

The amount of

current generated

is, to a large ex-

tent, independent

of the state of

charge of the

storage battery or the amount of lamp load connected,

but it depends primarily upon the speed at which the car

is driven, and the position of the regulating brush with

respect to the two main brushes.

28

Fig. 216.—Chain starter engagement mechanism
employing an overrunning clutch.
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Beginning at zero speed, the voltage is, of course, zero.

With increasing speed the voltage increases until the

armature develops 6-5 volts in a 6- volt system, at which

value the shunt coil of the reverse current cut-out is suffi-

ciently energized to cause the cut-out switch to close.

After the cut-out switch is closed, the generator begins

to deliver current to the battery, or to both the battery

and the lights, if the hghts are in use. The point at which

the cut-out closes (6-5 volts) corresponds to approximately

500 to 600 generator r.p.m. With increasing speed the

current increases to a maximum value, at speeds of about

1,400 to 1,600 r.p.m. ; but at higher speeds the current

decreases slightly. It is customary so to gear the gener-

ator that the maximum output is obtained at about 18

or 20 miles per hour.

The third brush system of output regulation, while

simple in mechanical construction, is somewhat obscure

in its actual operation. This is due to the fact that a

complex internal characteristic of the generator known as

armature reaction is fundamental in the performance of

the system. In order, therefore, to render the following

description of this system as clear as possible, the ele-

mentary theory of the electric generator, and especially

the subject of armature reaction, will be reviewed briefly

before a description of the system itself is undertaken.

The Requirements of a Gexeeator

The generation of electricity depends primarily upon
these three factors :

1. A magnetic field.

2. A series of conductors that can be moved through
the field.

3. A mechanical force that is capable of rotating the
conductors.

Electricity can be generated only when all three of these
factors are present at the same time, and are working to-

gether in proper relationship. The voltage of the generator
is always proportional to the product of these three factors
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If one of these factors is varied while the other two
remain the same, it is obvious that tliere will be a change

in the generated voltage. On the other hand, however,

if one factor is increased, the voltage can still be kept the

same if one of the other factors is decreased a proportional

amount. This princijDle of counterbalancing a variation

in one factor by an equal but opposite amount in one of

the other factors forms the basis of regulating generator

output in practically all systems.

In motor car electrical systems, owing to the fact that

the speed varies between wide limits, the variable factor

is ordinarily the speed of rotation of the generator arma-

ture ; and consequently if some provision were not made
to off-set the effects of this on the generator at high speeds,

the results would be dis-

astrous.

Since the number of con-

ductors on the armature

cannot easily be changed,

the only factor that can be

changed to off-set the speed
, ... ,. Fig. 217.— (Jray and Davis
changes is the magnetic

genetatoi-.

field. In the third brush

system an auxiliary brush is placed on the commutator

between the two main brushes, and the shunt field winding

is connected to this auxiliary brush and the trailing main

brush.

Fig. 218 shows the conditions at low operating speeds,

with the main field at practically full strength. Since

the main field is shifted away from the third brush as

the speed increases, because of the armature reaction, the

main field strength is greatly reduced at medium and high

speeds, which consequently causes a lower flux density to

compensate for the increase in speed.

The maximum current generated depends upon the

position of the third brush with respect to the main brush

to which one side of the shunt field is connected. Moving

the third brush, or regulating brush, in the direction of
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rotation of the armature increases the generator output,

and in the direction opposite to the rotation of the arma-

ture decreases the generator output.

Owing to the fact that the ^-o!tage regulation of all

third brush generators

is effected by means of

the reactive magnetic

flux set up by the cur-

rent flowing through

the armature, it is

necessary to introduce

some protective device,

such as a fuse in the

field circuit, in order to

prevent too great an

increase in voltage

across the field in case

of an accidental loosen-

ing or opening of the

battery circuit. With
the battery connected

to the generator, and
all cable connexions

making good contact,

the current flowing

through the armature

produces the necessary

reaction, and provides

the proper regulation by
holding down the vol-

tage to a normal value.

When the generator is

disconnected from the

battery for any length of

time the reaction normally set up by the armature
approaches a zero value, thereby causing a greatly increased

E.M.F. to be developed by armature conductors between
the main brush and third brush across which the field wind-

Field current

Fig. 218.—Field c-urr^nt diagram of third

brush regulated generator normally

rated as a 12 -volt unit.
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Fig. 219.—Third brush control mech-

anism on a North East generator.

ings are connected. The net result under these conditions

is an increased field, exciting current approaching in value

the normal output rating of the machine, and conse-

quently a greatly in-

creased terminal voltage

is developed. As the

value of the ciu-rcnt re-

quired for field excitation

is quite small in com-

parison with the genera-

tor output, the field wind-

ings would not stand this

over- voltage, in case of

an open battery con-

nexion, for any length

of time, and a fuse or

circuit breaker of 8 to 12

amperes capacity in a 6-volt system is, therefore, con-

nected in the field circuit to protect the winding.

It is not feasible to supply lamps directly from a con-

stant current

generator with

liattcry discon-

nected unless

the lamps so con-

nected consume

the entire current

output of the

machine. If the

current required

to supply the

lamps is less than

the generator

output, the

lamps will be biu-ned out. For instance, if the generator

output is 15 amperes, and the current consumed by the

lights is 7 amperes, the generator voltage will rise until the

additional 8 amperes not required by the lamps will be

Fio. 220.—Nortli East ignition unit.
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Fio. 221.— Delco breaker mechanism.

CS/tm^C /SDJliSTflNT TlhlfiC /lOJUSmCNTi

forced through the lamp circuit ; this will naturally over-

load the lamps and burn them out. No attempt should

be made to oper-

ate the lamps

directly from a

constant current

generator without

using a storage

battery in con-

junction with
them.

When testing

the output of the

generator the

engine should be

started, and
allowed to run at a speed sufficient to obtain a generator

r.p.m. of 1,000 or

more. A test am-

meter, connected

between the cable

leading to the

generator and the

terminal of the

generator, can be

used to observe

the output. This

output should not

be less than 12 or

more than 16 am-

peres on the aver-

age 6-volt
machine.

Before making

any adjustment,

test the battery

with a hydrometer, and carefully inspect the brushes to see

that they are seated properly on the commutator, and also

^pwtcf ijvut sro^

Fig. 222.—Delco ignitor for Playnes " Light
Twelve " engine. Each side is connected to

one block of six cjdinders, and the automatic
advance and retard mechanism is contained
within the housing.
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that they arc free to move up and down in their respective

holders. The commutator should also be inspected to see

that it is clean, and that the mica insulation between the

bars is properly undercut, as high mica and dirt will pre-

vent satisfactory operation of the generator.

If the specific gravity of the battery is 1-250 or above,

and the generator is delivering between 12 and 14 amperes

at this speed, no adjusting should be necessary.

Adjusting the Current Setting of Generator

The current output of the generator when driven at

speeds of from 1,400

to 1,600 r.p.m., or

at an equi^'alent car

speed of from 18 to

25 miles per hour,

should not be less

than 12 or more
than 15 amperes,

and its output
should be adjusted

accordingly.

It is not necessary

to remove the gene-

rator from the car

for adjusting. The

amount of shifting

can be roughly de-

termined from the

fact that approxi-

mately Tilth in.

change in position

of the third brush changes the current output from 2 to 3

amperes on most machines. Some machines have especially

convenient means for changing the third brush position

by very small amounts.

If the generator is adjusted on the car, before changing

the location of the third brush the cables to the generator

Fig. 223. -North East system of reverse

current relay.
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should be disconnected and the ends tajied, so that they

cannot eonie in contact with each other or with metal

parts on the car. After the brush has been shifted, the

adjusting nuts should be tightened, the leads again con-

nected, and the machine tested. Two or three trials may
be necessary before the proper setting is obtained.

To get the best results, the setting should be made
when the generator is hot and connected to a battery

having a specific gravity of 1.250. or more.

Current Begulation, Buck Winding Control

This type of generator carries two field windings, one

series and the

other shunt. The
shunt field is the

stronger at all

times, but is op-

posed by a re-

versed series wind-

ing, so that, as the

speed increases,

the increased cur-

rent, goingthrough

the series or
" buck " winding,

keeps the rate from

becoming exces-

sive at any speed.

The Wagner gene-

rator is the most

widely used ex-

ponent of this

type.

The reverse cur-

rent cut-out, which serves as a check to prevent the

battery from discharging back through the generator
when its voltage is not as high as that of the battery,

consists of a set of shunt and series windings which

Fig. 224.—Reverse current relay momiting on
Delco generator.
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actuate a pair of contacts to close and open the

charging circuit. It normally closes the circuit as soon

as the generator potential reaches approximately 6-5 or

7 volts in a 6-volt system, and keeps it closed so long as

the generator potential continues high enough to prevent

the battery from discharging. Whenever the generator

potential drops below the charging point the cut-out

opens the circuit, always preventing the discharge current

from exceeding 1 ampere. (Sec Figs. 223 and 224.)

In adjusting the reverse current relay first see that the

main switch or cut-out connects the generator to the

battery at the proper voltage. The speed of the generator

need not be considered in making this check, but with a

test voltmeter connected across the two main brushes of

the machines measure the voltage at the instant the test

ammeter, already connected in circuit, begins to show a

charge. The voltage at which the main switch closes

should be between 6-5 and 7 volts on a 6-volt system,

while it the voltage is above or below this value, the switch

should be adjusted by increasing the tension of the spring

which keeps the contacts ojDcn until the switch closes at

the correct voltage.

The Ammeter

The ammeter registers the flow of current from the

generator to the battery, and from the battery to the

lamps and the ignition unit. It is not, however, affected

by current in the starting circuit, and therefore does not

register the starting current.

Since the chief function of the instrument is to indicate

the general performance of the electrical equipment, its

readings should be watched fairly closely in order to

detect the presence of trouble in case an irregularity of

any sort should happen to develop.

Abnormal readings of the ammeter should always be

investigated promptly. In the event of erratic readings

the instrument itself should always be examined first before

extending the investigation to the rest of the system.
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because transposed connexions at the meter terminals or

trouble in the meter itself arc the most frequent causes

of abnormal behaviour of the ammeter. Should the

ammeter ever have to be removed from the circuit, the

electrical S3^stem may still be operated as usual, if the

precaution be first taken to connect together in a common

junction all the wires that are normally attached to the

meter terminals. When reinstalled these wires must be

connected to it again in exactly the same order as before

it was removed.

Care and Maintenance of Third Brush Generators

The proper order in which care and maintenance should

be carried out is as follows :

1. A few drops of thin neutral oil should be put into the

oiler of the generator about every two weeks to ensure

proper lubrication of the bearings.

2. After the generator has been run for any length of

time, carbon dust will accumulate on the brushes and

brush holders, which will tend to destroy their useful

functions. Wear on the brushes is natural, hence the dust

caused cannot be prevented from collecting on the parts

inside the generator. It is also possible for oil from the

bearings or other sources to reach the inside of the genera-

tor and mix with the carbon dust, forming a gummj' paste

which readily adheres to the brushes and holders. This

paste can be removed by washing the brushes in gasoline

and by cleaning the brush holders with a cloth soaked

in gasoline.

3. The surface of the commutator should be free from oil

and dirt. To clean the commutator, run the engine at a

moderate speed, and with the finest grade of sandpaper

cut into thin strips remove any dirt or oil that may have

collected. Emery and all other cloths arc unsuitable for

the purpose. Lubricant of any kind should be kept from

the commutator, and after cleaning, all the sand particles

from the sandpaper should be blown out of the machine.
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4. The brushes, when replaced in their holders, should

be free to move up and down.

5. The brushes can quickly and easily be seated by
placing a thin strip of fine sandpaper under the brush,

with the sanded side of the paper against the commutator

bearing surface of the brush and drawing it from under

the brush against the rotation of the armature. Pressure

of the brush springs is sufficient to cause the sandpaper to

seat the brushes, hence it is not necessary to apply extra

pressure on the tops of brushes with the fingers.

6. The brush springs should be well away from the head

casting or any screws that would cause a ground ; further,

they should bear upon the tops of the brushes at the

centre. This will ensure that the proper pressure is exerted

on the brushes by the springs.

The Bijur Constant Potential Generator

The Bijur generator is the only one on tlie American

market providing constant voltage regulation. It is

widely used and therefore deserves special consideration.

With the constant voltage type of generator the amount

of current generated depends upon the state of charge of

the storage battery and the amount of lamp load in use.

After the generator reaches a speed at which it develops

its normal voltage, there will be no further increase in

voltage with increasing speed : the voltage will be main-

tained constant at all loads, and at all higher speeds.

The voltage, measured across the terminals of the stor-

age battery, is variable and depends upon the state of

charge of the battery. With a discharged battery the

A'oltage is a minimum, and the voltage increases in value

as charging proceeds.

As the crenerator is connected to the Ijattery, the differ-

ence in pressure between the two is the pressure available

for sending current into the battery.

In the case of a discharged battery the difference in

pressure between the generator and battery will be rela-

tively great, so that a comparatively high charging current
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will pass from the generator to the lottery. As the

charging proceeds, the voltage of the battery will increase,

so that the difference in pressure between the generator

and battery is continually diminishing. With a fully

charged battery its pressure is very nearly equal to that

of the generator, and the difference between the two is

small. As this small difference in pressure is all that is

available for sendmg current into the battery, the charging

current will be small. The current generated, therefore,

is variable and is independent of speed. The charging

Fig. 225.—A Packard " Twin Six " showing electric equipment, consisting

of Bijur starter and generator with Delco ignitor.

current tapers from a maximum with a discharged batterj^

to a minimum in the case of a luUy charged battery.

The generator is a plain shimt woimd machine having

a fixed resistance in series with the field winding. Regula-

tion for constant voltage is effected by rapidly cutting the

resistance into and out of the field circuit by means of a

vibrating regulator.

The cvit-out, voltage regulating unit, and resistance

units are fastened on a fibre board as a unit, and mounted
in an aluminium box, which fits on top of the generator.

The box is provided with three split connecting jjins, which
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fit into three receptacles in the generator, so that the

mechanical act ol' putting the regulator l)ox in place on

the generator makes all the electrical connexions between

the generator cut-out and regulating mechanism. In addi-

tion to the regidator box being held in place on the generator

by its connecting jDins, there is a knurled screw passing

through the box to the machine.

There are two spring plungers in the regulator recep-

tacle which make contact with two contacts menrnted in

the plug, which fits into the receptacle. The diseonnect-

Fic;. 22C.—Leeee-Ne\d]le starter and generator mounted on a

sixteen-valve White engine.

ing plugi as it is called, can be rotated through a small

angle after it is in place in its receptacle. Rotating the

plug laack and forth re\'erses the j)olarity across the regu-

lator contacts. This reversal should take place about

every 500 miles. Re\-ersing polarity prolongs the life of

the regulator contacts.

The voltage regulating unit consists of a core having a

single winding, this winding being connected across the

generator. The current in the winding and the resulting

magnetic pull of the core will depend upon the pressure

de\'elopcd by the generator. Opposite one end of the core
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is a vibrating armature which is spring-retracted away

from the core. When the armature is spring-retracted

away from the core it makes contact, so that there is a

by-pass around the resistance, which is in series with the

field winding of the generator. With the vibrating arma-

ture in this position, the shunt field winding receives the

full pressure or voltage developed by the generator. With

increasing generator speed the voltage increases until the

armature develops 7-75 volts, as it is a 6- volt system, and

at this electrical pressure the regulator begins to function,

and will maintain 7-75 volts across the generator brushes

at all higher speeds.

With increasing generator speed the voltage will tend

to rise above 7-75. If, however, this value is exceeded by

a very small amount, the increased pull on the armature

of the regulating unit will overcome the spring pull and

the armature will be drawn towards the core, thus open-

ing the contacts and inserting the resistance in the genera-

tor field circviit. The added resistance in the field circuit

decreases the exciting current in the field winding, and

the voltage developed by the armature tends to drop

below the normal value of 7-75 volts. If the voltage drops

slightly below the normal, the pull of the spring on the

regulator armature predominates, and the armature moves
away from the core and closes the contacts, which short

circuits the resistance and permits the exciting field cur-

rent to increase. This cycle of operations is repeated at

rapid intervals, and maintains the generator voltage

constant at all speeds above the critical value at which it

develops 7-75 volts with the resistance cut-out of the field

circuit.

There is nothing slow or haphazard in the way the above
operations take place, nor is there any marked change in

the voltage necessary to make the regulator operate.

The rapidity of vibration depends, to a large extent,

upon the speed, but in general the regulator armature
vibrates in the order of 100 to 150 times per second. The
actual voltage developed by the generator is made up of
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a series of very fine ripples above and below a straight

line, the mean value of these ripples being 7-75 volts, the

constant value for which the regulator is adjusted.

It is obvious that increasing the tension of the regulator

spring will increase the constant voltage which the genera-

tor will maintain. Under no circumstances should the

regulator spring tension be increased in an attempt to

make a generator charge at a higher rate at a low speed.

The generator cannot begin to eharge until the cut-out

closes, while the closing of the cut-out is independent of

the action of the regulator. The cut-out closes after the

generator reaches a speed at which it develops 6-5 volts,

and no adjustment of the regulator or cut-out can change

the speed characteristics of the' machine. Increasing the

tension of the regulator spring, so that the generator will

develop a constant voltage in excess of 7-75 volts, will

result in deli\T'ring excessive current to the battery, over-

charging it, or causing the generator to o\-erhcat, with

the possibility of burning it out.

In addition to the resistance in series with tlie shunt

field winding, there is another resistance which is con-

nected in parallel with the field winding. The I'unction of

this resistance is to absorb the field energy when the

regulator contacts are opened and reduce sparking at the

contacts.

With an ammeter connected in the battery line and the

generator in operation, the annneter should indicate

generator output less the current consumed by lights and

other devices, in a test of the Bijur generator. For in-

stance, assume a lighting load of 8 amperes, and a generator

output of 15 amperes. The 8 amperes lighting load will

be supplied direct from the generator, and the difference

of 7 amperes will go to the battery as a charge ; the

ammeter will therefore indicate 7 amperes. With the

generator at rest all current for lights and other devices

will come from the battery and pass through the ammeter.

All adjustments to the generator are properly made at

the works, and the adjusting holes sealed to prevent
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tami>ering. To adjust eitlier the cut-out or the voltage

regulator a small socket wrench is inserted in the adjust-

ing hole, and the spring tension varied until the proper

adjustment is obtained. The hole at the left end of the

box is for adjusting the voltage regulator, the right-hand

hole being for adjusting the cut-out.

Turning the adjusting nut to the right (facing the

adjusting holes) on the cut-out, raises the cut-in voltage.

Turning the adjusting nut on the voltage regulator to the

right raises the generator voltage. Before adjusting the

cut-out, disconnect one of the battery terminals and

place the headlamp switch so that the headlamps are

connected to the circuit.

Voltmeter leads should be clipped to the generator

brushes. The engine should be run at very low speed,

gradually increasing the sjjeed. The spring tension

should then be adjusted so that the cut-out will be closed

at 6-5 volts. The fact that the cut-out closes will be

shown by a drop in voltage indicated on the voltmeter the

instant that closure takes place. That is, the voltage will

increase gradually with increasing speed until the cut-out

closes and, on closing, the voltage will instantly fall. The

amount the voltage falls after the cut-out closes is of no

importance. The amount of drop depends upon the

current consumed by the lights. The fact that the vol-

tage does suddenly fall is an indication that the cut-out

has closed.

In setting the A'oltage regulator the generator should

be connected to the battery (having a specific gravity of

at least 1.250) in the usual manner for normal operation,

and the lighting switch placed so that no lights are in use.

The voltage should be measured across the brushes in a

similar manner to that described for setting the cut-out.

In setting the voltage regulator the engine should be run
at a speed corresponding to the general speed of approxi-

mately 1,000 to 1,400 r.p.m. The tension of the regulator

spring should be varied until the generator develops 7-75

to 7-8 volts, and maintains this voltage at various speeds.
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After setting either the cut-out or voltage regulator the

socket wrench should be reversed and inserted in the

adjusting hole. The handle of the adjusting wrench
should be lightly tapped with a small hammer to ensure

the proper seating of the adjusting nut.

In the event of its being necessary to operate a car or

truck at high speed without a battery, the disconnected

plug should be removed from its receptacle on the regu-

lator box and the box removed from the generator.

Fig. 22

At ordinary running speeds the generator can be operated

without a battery, and can always be used to supply lights

direct from the machine without the use of a storage battery.

With no lights in use and without a battery, the resistance

unit in series with the field winding is liable to be burned out

if thegenerator is operatedat highspeed forprolonged periods.

The voltage regulated generator is adapted to either the

one or two-wire systems of wiring.

The Operation of the Cut-out Switch

The cut-out or automatic switch is mounted on the

29
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inside of the regvilar box, and automatically connects and

disconnects the generator to the battery or lamp load con-

nected. When the generator is at rest, the switch is held

open by a tension spring on one end of the cut-out arma-

ture. When the generator attains a speed sufficient to

develop a voltage of 6-5 volts the cut-out is automatically

closed, and the generator is connected to the battery and

to its lamp load.

The cut-out consists of an iron core having two wind-

ings thereon, namely, a shunt and a series winding. The

shunt winding is connected across the generator so as to

PICTORIAL DIAGRAM 'WIRING i
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Fio. 228.

receive the full voltage of the generator across the ter-

minals, and when the machine attains a speed at which
it develops 6 '5 volts the shunt winding is sufficiently ener-

gized to close the cut-out. When the cut-out is closed a

small current is caused to flow in the series winding con-

nected in the main circuit from the generator to the bat-

tery or lamp load, and this coil is energized. The pull

due to the series winding, which is much greater than
that of the shunt, reinforces the pull due to the shunt
winding and firmly holds the armature of the cut-out in

the closed position.

When the speed of the generator is decreased to a value
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at which its voltage is lower than that of the battery, or

when the generator is at rest, a momentary discharge of

the battery through the series winding takes place, and
demagnetizes the coil. The instant the coil is demagne-
tized, the tension spring attached to the cut-out pulls its

armature away from the core and opens the circuit.

The Care and Maintenance of the Bijiir System

1. Regularly, every two weeks, or every 500 miles of

travel, two or three drops of thin neutral oil should be

put in each of the two oilers of the generator. Do not
flood the bearings with oil.

2. Regularly every two weeks, or every 500 miles of

travel, the regulator disconnecting plug should be reversed

by pushing it inwardly as far as it will go to milock, then

turn past its vertical position until it springs forward and
locks on the opposite side of the connexion.

3. Inspect the brushes about every 1,000 miles of travel

to see that they arc bearing correctly on the commutator
and that they are free to move up and down in their

respective holders. Thin strips of fine sandpaper should

be used if brushes are to be seated on the commutator.

4. When the brushes are inspected the commutator
should be cleaned of foreign material, and any carbon dust

or oil that has collected thereon. Do not use cloth or

emery paper ; use fine sandpaper cut into thin strips, and

inserted under the brush with the rough side against the

commutator. The pressure of the brushes against the

sandpaper is sufficient to cause the sandpaper to cut off

any foreign material, carbon dust, or oil that may have

collected on the commutator.

Single Unit Motor Generators

The single unit starter incorporates both the starter and

the generator. The North East starter is a four-pole

machine, with cumulative compound winding. The arma-

ture carries one winding, and there are only two main

brushes. Its action as either generator or motor is the
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same as any compound machine, with the exception of the

regulation when acting as generator.

The Cadillac Dclco unit incorporates an armature which

Fig. 229.—Diagrammatic illustrations of North East equipment, showing :

top, combined generator-ignitor ; centre, generator ; bottom, starting

motor with Bendix drive and outboard bearing.

carries two windings and two commutators. When acting

as a motor it is a straight series machine, and when gener-

ating it acts as a shunt wound machine. As the engage-
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ment of this starter is by manual control, it is necessary
to cause the armature to turn over slowly while engaging
the gear. The first operation, therefore, when starting, is

to close the battery circuit on the generator side, which
causes it to operate slowly as a shunt wound motor. As
soon as the gears are in mesh the generator line is opened,
and the current directed into the series motor windings
of the unit.

Motors

All starting motors are straight series wound machines
which develop from 10 to 34 foot pounds torque, and are

geared to the engine with ratios of from 14 to 1 upward.
Practically the only difference in the various systems

lies in the installation. The most common method of

driving is through a Bendix automatic gear, but the over-

running clutch, and the manual shifting of the engaging

gear, are still in extensive use. This is especially true

where double gear reductions are used.

The Bendix transmission engages and disengages the

starter and the engine automatically. The extended

shaft of the starting motor carries a hardened steel sleeve

upon which a screw thread is cut. Operating upon this

sleeve is a steel pinion having a lateral travel of about

li inches which serves to engage it with the fly-wheel gear.

A helical steel spring—which also facilitates engagement

of the gears and absorbs all shocks—acts as a flexible

coupling between the starting motor and the engine.

When the starting motor is supplied with current, its

armature, being free, starts to revolve at a high rate of

speed. The pinion, by reason of its inertia, tends to lag

behind the rotation of the shaft, whose screw thread thus

draws the pinion into mesh with the fly-wheel gear. As

soon as the engine starts firing, its increased speed of rota-

tion threads tlie pinion Ijack in the opposite direction,

thus disengaging the starting motor from the engine.

A large starting torque is obtained by bringing the

starter pinion into mesh with the fly-wheel, while the
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starting motor is running at high speed. This engaging

device is entirely automatie, and is also " fool-proof," for

if the starting s^vitch should aceidentally be pushed while

the engine is run-

ning, the starter

would be

1-
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box, a transformer coil, a distributor head, a ballast coil

and a switch. Current is supplied to the primary circuit

clamping strap boll

^^"^^ ^ ^set screws

;astellated nut\

OLOCK STUD CRACK.CT

STARTER-GEN LRATOR

FRONT FLANGE OF ENGINE CVLlNDER BLOCK

Fia. 232.—Silent chain adjustment on North East Dodge installation.

of the system by the generator while the engine is running

at ordinary speeds, and by the battery during starting

and very slow speed oper-

ation. The low voltage

current is converted by

means of the breaker

mechanism and an induc-

tion coil into high tension

impulses, which are de-

livered selectively throvigh

the high tension distri-

butor to the spark plugs of

the engine. The amount
of current drawn by the

primary circuit depends in

a measure upon the speed

of operation. Even at its

maximum at starting,

however, the ignition cur-

rent forms but a small pro-

portifin of the total output

of the generator , while during (ordinary dri\-ing the current

consumed for ignition is a negligible quantity. The high

tension impulses into which the primary current is trans-

FiG. 23.3.— iVtwatcr-Kent system

applied to a Ford engine.
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formed are, on the other hand, but very shghtly influenced

by speed, and consequently retain virtually the same vigour

throughout the entire speed range.

The ignition or induction coil contains a bundle of iron

wires for a core. Around this is wrapped the primary

winding, which in turn is surrounded by the secondary

winding. There is no vibrator, and if the unit be not

self-contained, the coil can be mounted in any convenient

place. The primary winding is connected in series with

the breaker mechanism and the battery circuit. One side

of the secondary or high tension winding is grounded, while

the other side is connected to the centre terminal in the

distributor head. Under ordinary conditions the coil

needs no attention.

The ballast coil is a small coil of resistance wire, gener-

ally mounted on a small porcelain spool. It is connected

in series with the primary circuit, and is used to protect

the coil and to prevent the battery discharging in case the

ignition should accidentally be left on while the engine

is not running. When current flows through this coil

continuously it causes it to heat up, which increases its

resistance to a point where the current consumption is

only a fraction of what it would be normally.

The same effect is obtained on the Connecticut ignition

by putting a thermostaticallj^-latched switch in the igni-

tion system. If the circuit be left closed the resistance

wire in the circuit heats up the thermostat, and the igni-

tion or primary circuit switch is automatically opened,

thus preventing the discharge of the battery.

The circuit breaker comprises two contact points, one
being stationary, while the other is carried at the free end
of a pivoted lever which bears against the rotating steel

piece, called the " cam." The cam has accurately ground
corners which bear in rotation against the lever, causing

the contact points to open and close at correct intervals.

The contact points are generally made of tungsten, and
for best operating conditions should have a maximum
opening of 0-020 to 025 in. or about 0-6 mm.
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The condenser is built up of a series of insulated

tinfoil sheets which are protected by a metal case,

the whole unit being generally mounted on the

breaker housing. It is connected across the breaker

points, and is used to prevent them from burning or

pitting.

In order to compensate for the inherent lag in combus-

tion after the actual production of the spark, provision

has to be made for advancing the time of the spark rela-

tively to the operation of the engine. This is accom-

plished through the spark lever on the steering column,

by means of

which the an- / II J n

gular position

of the breaker

box assembly

can be shifted

as running con-

ditions require.

This is by far

the most com-

mon practice.

In the more
expensive
equipments the

spark is auto-

matically ad-

vanced in proportion to the engine speed. A centrifugal

type of governor, mounted on the breaker cam-shaft,

advances the cam in relation to its driving shaft as

the engine speeds up. By providing, a series of governor

springs of varying length and tension it is possible to

regulate the advance so that it will not vary directly with

the speed at all points, but according to a predetermined

ratio which has been found most satisfactory in road and

dynamometer tests.

In all ignition systems the distributor cap forms a cover

for the breaker box, and also serves in conjunction with

Fig. 234.—Delco ignitor installation on a National

Sextet engine.
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tlie rotor-arm to conduct the high tension imjJulses selec-

tively to the proper spark plugs.

The Atwater-Kent system is different from other types

of battery ignition in that the contact points do not touch

except during the brief instant of the spark. The igni-

tion circuit is therefore normally open, whence the name
"open circuit" results. The operation of the contact-

maker consists of a pair of contact points, normally open,

which are connected in series with a battery and the

primary circuit of a simple non-vibrating induction coil.

The mechanism
for operating the

contacts consists

of a notched shaft,

having one notch

for each cylinder,

which rotates at

one-half the engine

speed, a lifter,

which is pulled

forward by the

rotation of the

shaft, and a spring

which pulls the

lifter back to its

original position

after it has been drawn for\vard and released by the notched
shaft. A hardened steel latch, against Avhich the lifter

strikes on its recoil and which in turn operates the con-

tact points, completes the device.

Nos. 1, 2, 3, and -t in Fig. 236 show the operation of

the contact-maker. It will be noted that in No. 1 the lifter

is being pulled forward by the notched shaft. When pulled

forward as far as the shaft will carry it (No. 2) the lifter is

suddenly pulled l^ack ))y the lifter spring. In returning, it

strikes against the latch, throwing this against the contact
spring and closing the contact for a very brief instant—far

too quickly for the eye to follow the movement (No. 3).

Fig. 235.—Atwater-Kent open circuit ignitor

shown assembled on a magneto platform.
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No. 4 shows the hfter ready to be pulled forward by
the next notch.

Note that the circuit is closed only during the instant

of the spark. No current

can floAV at any other

time, not even if the

switch is left " On

"

when the motor is not

running.

No matter how slow or

how fast the shaft is

turning, the lifter spring

will always pull the lifter

back at exactly the same
speed, so that the opera-

tion of the contact, and

therefore the spark, will

always be the same, no

matter how fast or how
slow the engine be turn-

ing over. Also the brief

instant that the contact

points touch for each spark results in very long battery life.

By means of tlie distributor, wliich forms the upper

part of the Uni-

sparkcr, the high-

tension current from

the coil is conveyed

by the rotating dis-

tributor block, which

seats on the end of

the Unisparkcr shaft,

to each of the spark

plug terminals in the

order of firing.

An important advantage which the iVtwatiT-Kcnt dis-

tributor possesses is the fact that there are no sHding

contacts or carbon brushes, the distributor blade being so

Fig. 236.—Make-and-break niechanisin

of the Atwater-Kent system.

Fig. 2.37. -Atwater-Kent dashhoarc

I

instruments.



460 MODERN MOTOR CAR PRACTICE

arranged that it passes close to the spark plug lead terminal

without quite touching, thus permitting the spark to

jump the slight gap without loss and eliminating all wear

and trouble due to sliding contacts.

Magneto Ignition

Tavo types of high-tension magnetos are in general use :

the inductor type and the rotor type. Owing to the high

manufacturing cost of the rotor type of magneto a new
type of machine had been developed in 1920. It is essen-

tially a low-tension type, with the transformer coil mounted
permanently in the opening of the magnets, above the

rotor. As it is self-contained it has all the advantages of

the regular high-tension magneto, but at a lower cost.

The principle of operation in the inductor tyjDe magneto
is that the magnetic flux, by means of rotating field poles,

is constantly reversed through a laminated field structure

and core of the winding. The result is that in the first

place the spark and are flame or heat occur together, and
not as in other types where the action of the spark is

prolonged in form of a flame A^hich follows the initial

spark across the gap. Secondly, by virtue of the laminated

field and core of winding, the flux changes occur more
rapidly and in consequence a greater voltage is induced
in the secondary coil at the instant of the break, which
has an important bearing upon the ignition of the gaseous
mixture. This type will produce sparks of the same in-

tensity whether the timing lever is in the advanced or

retarded position. This is due to shifting the field poles

in unison with the mechanism of the circuit breaker, the
separation of the platinum contacts always taking place
when the electrical strength has reached its maximum
value.

The inductor type magneto consists principafly of a
pair of magnets, a rotor, a field structure, a winding, an
interrupter, a condenser, and a distributor. The rotor
consists of two revolving wings, " N " and " S," separated
by a bronze centre-piece, " B," shown in 1, Fig. 238.
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c rra
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The ends of the wmgs are brought into eontact with poles

of the magnets as shown in 2, and, therefore, bear the
same polarity of magnetism as that pole of the magnet
with which tliey are in contact. This polarity is always
the same and never changes. The rotor is surrounded
by a field structure which carries laminated pole extensions,

on which the winding with its laminated core is mounted.
As the rotor re-

volves, it causes

the flux lines to be

twisted about, so

that themagnetism

flows to and fro

through the core of

the winding, first in

one direction and

then in the other,

according to the

position of the

rotor in relation to

the poles of the

field structure.

In a position at

right angles to the

rotating poles there

is a field structure,

consisting of the

laminated pole

pieces, 3 and 4,

supporting the laminated core 5, carrying the winding.

No. 3 shows flux flowing in one direction through core

5. When the wing " N " is opposite 3, the flux flows to

3, and through 5 to 4, and back to wing " S " of opposite

polarity.

No. 4 shows flux flowing in reverse direction tlirough

core 5. The pole "N" has moved over to 4, and the

direction of the flow of flux is reversed, now flowing from

4 through 5 to 3.

Fig. 2.38. -Details of the Dixie inductor type

mai^neto.
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It is obvious that the laminated core of the high-ten-

sion winding must reverse its magnetic polarity.

It is saturated with magnetism flowing in one direction,

3. In 4 the direction is reversed. The reversal must

take place at each half revolution of the shaft.

No. 5 represents the rotating poles occupying a mid-

way position ; here the field pieces 3 and 4 are magneti-

cally short-circuited, as it were, thereby scavenging stray

lines of flux out of the core 5.

The greatest intensity in the primary circuit occurs

when the rate of change of flux in the core is at its maxi-

mum. The position of the rotor is then at 5, where the

rotor wings have just reversed the direction of flux

through the core, in w^hich position the platinum contacts

should separate, breaking the primary circuit.

The rotor tj'pe of magneto carries a double winding on

the armature, in which the high-tension current is devel-

oped without the aid of separate step-up transformer coil.

The armature winding is composed of two sizes of wire,

one being comparatiA'cly heavy, and the other very fine.

The heavj' wire constitutes the primary or low-tension

circuit, and the very fine wire the secondary or high-tension

circuit.

The rotation of the armature between the poles of

strong permanent magnets sets up or induces a current in

the armature primary circuit, and this is further aug-

mented at every 180° revolution of the armature shaft

by the abrupt interruption of the primary circuit by
means of the magnetic interrupter. At the opening of

the primary circuit, the resulting discharge of current from
that circuit induces a current of high voltage in the arma-
ture secondary circuit. The high-tension current thus
created is collected by the slip ring on the armature and
passed to the slip ring brush, then to the various magneto
distributor terminals, each of which is connected by cable

to the spark plug in its respective cylinder.

The begiiming of the armature primary circuit is in

metallic contact with the armature core, and the end of
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the armature primary circuit is connected, by means of

the interrupter fastening screw, to the insulated contact-

Ijlock supporting the long platiniun contact on the magneto
interrupter. The interrupter lever, carrying a short

platinum contact, is mounted on the interrupter disc

which, in turn, is electrically connected to the armature

core. The primary circuit is completed whenever the

two platinum interrupter contacts are brought together,

and interrupted whenever these contacts are separated.

The separation of the platinum contacts is controlled by
the action of the interrupter lever as it bears against the

steel cams secured to the inner surface of the interrupter

housing. The high-tension current is generated in the

secondary circuit onh' when there is an interruption of

the primary circuit, the spark being produced at the

instant the platinum interrupter contacts separate.

The armature secondary circuit is a continuation of the

armature primarj^ circuit, the beginning of the secondary

being connected to the primary, while the end of the

secondary is connected to the insulated current collector-

ring mounted on the armature just inside the driving

shaft and plate of the magneto.

The collector brush, wliich is held in contact with the

collector-ring by the brush holder at the shaft end of the

magneto, receives the high-tension current collected by

the collector-ring and, by means of the conducting bar

under the arch of the magnets, passes the current to the

metal contact in the centre of the distributor plate. From
the latter point the high-tension current passes to the

distributor brush, which is held in a brush holder mounted

on the distributor gear and, consequently, rotates with

the gear.

Metal segments are moulded in the distributor plate,

and as the distributor brush rotates, it makes contact

successively with the segments in the distributor plate.

The segments in turn are connected with the terminal

studs on the face of the distributor plate, and the latter

are connected by cables to the spark plugs in the various
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cylinders. In the cylinders, the high-tension current

produces a spark which causes ignition, and then returns

through the engine to the magneto armature, thus com-

pleting the circuit.

The magneto interrupter housing is arranged so that it

may be rotated through an angle of 34 to 37 degrees with

respect to the armature shaft. The movement of this

housing in one direction or the other causes the interrupter

lever to strike the steel segments earlier or later in the

revolution of the armature, the spark occurring corre-

spondingly earlier or later in the stroke of the piston.

The spark can be advanced by moving the interrupter

housing, by means of the timing control arm, in the

direction opposite to the rotation of the armature, and

can be retarded by moving the interrupter housing in the

same direction as the rotation of the armature. The
armature rotation is indicated by the arrow on the oil well

cover at the driving shaft end of the magneto.

The arrangement for advancing and retarding the spark

is in two sections : the interrupter housing and segments,

and the timing control arm. The construction is such

that the timing control arm may be set in any desired

position on the interrupter housing, thus facilitating the

making of the necessary connexions for advancing and
retarding the spark.

Miscellaneous Equipment

As the quality of fuel has been steadily going down,
starting difficulties have increased, especially in cold

weather, and to overcome this difficulty the National and
Franklin Companies had included by 1920 an electric

primer as standard equipment on their car. This unit

can be seen on the side of the carburetter in Fig. 239.

There are several types of these primers now on the

market, all working much on the same principle. A
small air-tight chamber is connected to the petrol line,

and also to the intake manifold. An enclosed heating
unit is insulated inside the chamber which boils off a small
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quantity of petrol when the current is turned on. A valve

whieh operates in connexion with the contact switch pre-

vents raw petrol fronr being drawn into the manifold

when the engine is being run.

Three-cell lead-plate storage batteries are used in con-

nexion with the electrical systems. They vary in capacity

Fig. 239.— Delco installation on National Sextet, showing an electrically

heated primer fitted to the carburetter,

from 80 to 120 ampere-hours, depending upon the size of

the engine. Corrugated wood veneer sheets are generally

used as insulators or separators between the plates, but

recently a threaded-rubber insulator has been developed

which has some advantages over the wood insulator.

Such a battery may be stored in a dry condition until

ready for use, without deterioration or without breaking

down the insulation.

30



CHAPTER XXIII

SCREENS AND HOODS

The problem of protecting driver and passengers in

motor cars from the weather has engaged the attention

of many ingenious inventors from the very earhest days.

Although many improvements have been made, it would

be going too far to say even now that the problem is

solved. It is true, of course, that the very luxurious

and costly cars with completely enclosed bodies form an

almost perfect solution of the problem, but until the

open touring car also can be converted at will into a

vehicle which afiords full protection from the elements,

within a very short time and with the minimum of effort,

the problem will not be solved. The latest type of coach-

work to come into general favour is generally known as a

" winter-summer," or " all-weather " body. The terms

are self-explanatory, but even the best of these construc-

tions are comparatively heavy, while after a period of

service rattles and squeaks are common.
It is curious, looking back, to remember how appar-

ently simple and obvious improvements escaped the eye

of those who were so anxious to bring the motor car

into general use. First of all, front screens as we now
know them were not fitted to cars at all, the immediate
consequence being that drivers and passengers were
forced to equip themselves as though contemplating a

journey to Arctic regions. This was the day of the enor-

mous fur coat and the leather underjacket, of the leggings

and the heavy boots, of the gloves, the goggles, and the

leather cap. Even thus provided, however, it cannot be
claimed that the early motorists were comfortable, warm,
or dry in heavy weather.

4fi6
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The first notable departure came with the fitting of a
glass screen as a vertical continuation or extension of the
dashboard. A wooden frame generally enclosed the
screen, which was high and of the full width of the car.

The greatest objections to this practice were the com-
paratively big surfaces exposed to air pressure, which
had direct results on petrol consumption and speed, the
danger of the screen being shattered by outside influ-

ences—a danger which is present even to-day unless some
form of safety glass be used for the screen—and, of course,
the risk of a

comparatively

slight accident

being turned

into something

more serious in

case a front-

seat passenger

or driver were

jerked out of

his seat and
through the
screen.

After a while,

attempts were

made to divide

the screen into two halves, and provide some means of

adjustment to suit the variable conditions met with on the

road. The wooden frame gradually gave way to a neater

device in metal. The screens themselves were made of

lesser depth, although the width was retained, and bj^ the

gradual process of elimination the glass wind screen

eventually conformed to tlie low stream-lined arrange-

ment of the modern motor car.

With the lighter cars particularly there is a tendency

for the use of a small single screen, unprotected along the

top. The outstanding objection to this type of protection

is the danger of any heavy body being flung against the

Fig. 240.—A very early De Dion car, which had a.

Cape hood but no wind screen. The front

passengers sat facing the driver.
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glass, which then shatters, with alarming and dangerous

consequences. The precaution is possibly superfluous

with ninetj^-nine cars out of a hundred, yet on the

whole it is advisable to enclose the whole screen in a

metal frame, trusting to the framework to take the bulk

of the impact in case of collision.

Bigger cars, as a general rule, unless they be of a sport-

FiG. 241.—A contrast in screens and hoods shown on Rolls Royce chassis.

ing type, are fitted with a divided screen, wherein the

bottom half can be set at a suitable angle to deflect the

air currents above the head of the driver and the pas-

sengers, while the upper half is so set as to deflect dust,

small stones, and even rain. The two halves are each

adjustable over a wide range, while in the case of really

heavy weather, they can be set together, to give, in effect,

the result of a deep single screen.
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Occasionally, in fog for example, the driver has diffi-

culty in obtaining a clear view through glass, and although
various patent preparations have been placed on the
market, on behalf of which it is claimed that their appli-
cation tends to keep the glass clear from snow, fog, mist,
and rain, it must be said in strict truth that none of them
are universally successful. In Europe the mechanical
screen cleaner has not met with any amount of popular

"--y^~"V;"Tv'

"

Fig. 242.—An early and crude example of an attempt to provide
protection for driver and passengers.

approval, but in America, where the weather conditions,

even in the big cities, are on the whole worse than in

Europe, various types of cleaner arc employed.

As a rule, such a contrivance consists of a spring-loaded

movable arm operating on the outer surface of the

screen. On the inner face of the arm, and impinging on
the glass, is a specially-treated pad wiiich, when the

cleaner is oiJcratcd, sweeps the surface of the glass, and
for a time, at all events, clears the view for the driver.

Some of these screen cleaners are simply clamped on the
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upper edge of the glass and sweep backwards and for-

wards over the whole width of the screen. Another in-

ventor swivels his cleaning arm at the top, and thus clears

a semicircular section for the benefit of the driver only.

Fig. 243.—An elaborate hood Ijuilt on a Rolls-Royce chassis in 1910 for an
Eastern monarch. The lower iltnstration shows a "disappearing"
hood on a Rolls-Royce chassis built to the order of a European
monarch in 1919.

Particulars were published in the winter of 1919 of a

power-operated device which took the form of a small

propeller housed in front of the screen, which, when in

action, at least prevented rain, snow, and hail from driv-

ing through on to the glass, while the driver himself had
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little difficulty in seeing through the revolving blades of

the propeller. The rather obvious objections to this

arrangement are the irritation of having to carry the

appliance always in position although it may not be
needed more than a few times in a year's travel, the risk

of the power motor going out of action, the extra cost

and weight, and, finally, greatest objection of all, the fact

that the device is of no service at all in fog.

Fog, indeed, is the greatest bug-bear of the motor
driver, and it seems that the only effective remedy for

this condition is an improvement in lamps or lenses so

that a fog-piercing ray can be thrown. Incidentally,

whilst on this topic, an unscientific but not ineffective

method of driving in fog, especially when electric head-

lamps are fitted, is to block out the lower half of the lens

so that the useless rays in the light beam are eliminated,

while the light thrown downward on the road is intensified.

Until the beginning of 1921, the greatest improvement
in screens, so far as driving in heavy weather is concerned,

is undoubtedly the fitting of a small window immediately

in the line of the driver's sight. Through an aperture of

approximately 13 ins. in depth by 6 to 12 ins. in width,

quite a reasonable view of the road can be had, while the

amount of snow, wind, or rain that can find its way in

through such an opening is surprisingly small. The latest

appliances of this type to be marketed are extremely neat

and effective, for the use of unsightly metal frames in their

construction is entirely avoided. In reasonable climatic

conditions the opening is closed by a sliding or swivclhng

sheet of glass.

It is almost impossible to speak too favourably of the

safety glass which is now obtainable, and which should

entirely supersede ordinary glass on every car. This

special glass is perfectly transparent, and is prepared by

introducing a preparation of the nature of celluloid be-

tween two or more sheets of glass, the number of sheets

employed depending on the strength desired. For ex-

ample, a glass proof against a rifle bullet at short range
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would have about twenty alternate layers of glass and

celluloid, and would be about 1 in. in thickness. For

ordinary car use three plies are ample. In manufacturing

the various plies are subjected to great pressure : the

result is that while

the finished article

may fracture on

contact with some

foreign body, the

glass remains in-

tact as a sheet, and

the danger of flying

fragments is

avoided.

While on the sub-

ject of screens, and

the protection they afford the occupants of the car, the

question of hoods and side curtains might also profitably be

discussed. In the early days any adjustable covering for a

car was distinguished by the name of " Cape Cart Hood."
It consisted of a twill canvas material built on to a metal

V'^-niaa

Fig. 244.—Safety glass stars and cracks under

shock, but the danger of flying pieces, with

their murderous edges, is avoided. Triplex

glass.

Fig. 245.—Vauxhall practice is eminently simple and efficient.

and wooden collapsible frame which, when extended,

stretched from the back of the rear seats forward to the

screen, and was so held in position by straps and brackets

running either to the wings of the car or to some forward
position round about the bonnet.
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The earlier hoods were extremely heavy and awkward
to adjust. It needed at least two strong men to hoist

them into position in anything of a wind, while they were
so unscientifieally designed that tJie passengers, particu-

larly in the rear seats, were, all the time the car was run-

ning, irritated and inconvenienced by dangerous back
draughts and air currents. Some slight improvement was
effected by the provision of side curtains, which were
detachable sections of a material similar to that of which
the hood itself v\-as made, and which extended from the

hood downwards to the upper coachwork. One of the

Fia. 246,—A sports-type car whereon the hood is housed in a recess beliind

1^
j the rear seats, and is hidden from view when not in use, thus preserving

the stream-line of the coachwork.

greatest difficulties attaching to the use of tliese side

curtains was the difficulty of getting into the car when
they were in position. In some instances the side curtain

itself had to be detached before the doors could be opened
;

and even where the designs were slightly better, the

passenger had to double up and try to creep into the

vehicle without tearing the curtain material. The feat

was much more difficult than may appear, for it often

resulted in cars going about with a very shoddy look

when the hood was extended, owing to the tears and

jagged edges of the hood and side curtains.

By 1921 the latest types of hood certainly marked a

vast improvement on their predecessors. They were neater
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in appearance when extended, the side curtains were

arranged to open and close with the doors, while it was

not a particularly difficult task, even for a person of no

great physical strength, to extend the cover.

The twill material of which the earlier hoods were made
has now somewhat passed from popular favour, the manu-

facturers favouring a lighter material which, while giving

equal weather-proofness, is not subject to damp and dry-

rot after a period of use. The American manufacturers

were the first to demonstrate the advantages of this par-

ticular type of hood and their example is being widely

copied by European builders.

In the more sporting type of car, and the luxurious

open vehicle, efforts are being made completely to enclose

the hood when in the lowered position by means of a

special recess formed in the coachwork behind the rear

seats. Excellent though this idea may be so far as

giving symmetry to the car is concerned, it has the dis-

advantage that hoods cannot, or at least should not, be

folded away while wet or damp. In practice it is to be

feared that the ordinary owner is in the habit of folding

back the hood so soon as the rain has stopped. Thus
housed in a restricted space, without any possibility of

fresh air playing on the material of which the hood is

composed, the chances of the material being rotted in a

much shorter time are greater than is necessary.

A neat and quite unobjectionable arrangement con-

sists in so arranging the hood that when it is lowered it fits

in with the general stream-line of the coachwork ; while

it has almost come to be accepted as standard practice

now that a neat, readily fitted or displaced hood cover

should be provided. If this cover be well cut and care-

fully fitted, its use demands that the hood itself be care-

fully and properly folded and lowered, otherwise it will

be impossible to stow it within the cover provided. It

almost goes without saying, of course, that the cover also

serves to protect the hood from dust and undue wear and
tear. It is largely a matter of individual preference on
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the part of the manufacturer or owner whether the com-
pletely enclosed type of hood be fitted to a car or the
exposed type provided with a cover.

A further development of the hood, which can only
be applied to certain types of body, howe\'er, is of the one-
piece type, which extends downwards towards the sides

of the car at least

sufficiently to pro-

tect the passengers

in the rear seats.

In other words, re-

stricted side cur-

tains are made in

one piece with the

hood proper. The
application of a

hood of this kind

is at present some-

what limited.

After careful in-

vestigation and ex-

perience of the

latest types of

hoods and curtains,

it may be said that

if these fittings be

carefully designed

and well made,

they afford almost

complete protec-

tion, at least for

a reasonable
period, even in the heaviest weather, but

while, as wear takes place, the covering

Fio 247 —T;ypical refinements in windscreens

used on cars later than 1920. The wide

range of adjustment and the side screens

give full protection, or none at all, according

to the desires of driver and passengers.

after a

becomes

more and more ineffective. The rotting of the material,

or the action of petrol and grease, which cannot alto-

gether be avoided on motor cars, leads to the over-

head leaking, while the tearing of the side curtain
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snaps and fasteners makes it impossible to keep out

driving rain.

It was not until the last years of the War that sufficient

attention was given to making a weather-proof jomt

between the forward part of the hood and the top of the

screen. As will readily be understood, the whole ten-

dency, when a car is being driven forward into the rain,

with the hood extended and the screen up, is for wind and

water to force a way under the hood and over the top

Fig. 248.—The double V-fronted screen used on the 1920 Napier car.

of the screen. A simple flap, in the form of a downward
extension fitted to the front of the hood, actually proved

after a while to give practical weather-tightness.

Another disadvantage was the manner in which water

found its way through the lower housing of the screen,

thence dripping over the dashboard on to the knees of the

driver and the front-seat passengers. As a general rule car

builders endeavovu' to overcome this difficult}^ by fitting

a slip of felt between the lower framework of the screen

and the upper part of the bonnet extension whereon the
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fittings, as a rule, are mounted. Wliile tlie felt is new, and
in light rains, the device is effective enough, but after a

little while, or if the car is driven all day in the wet, the

water creeps through the joint.

What is needed is some clastic compound which will

not break under vibration or set with age, and which

provides a perfectly water-tight joint. This is a simple

enough matter, which should, in practice, present no

difficulty. A further improvement needed is an abso-

lutely water-tight material for the hood and curtains,

which does not rot or perish after a period of use, which

is hard wearing, and which can readily be cleaned.

The greater experience which engineers and constructors

generally have had with balloons, airships, and aeroplanes

during the War may possibly lead to the early introduction

of some satisfactory material.



CHAPTER XXIV

WELDING REPAIRS

As a process in engineering manufacture welding dates

considerably farther back than the motor industry itself.

To a lesser degree this is true of its application to repair

work ; but it required the advent of the automobile

before its possibilities were realized to anything like the

full extent. Incidentally the limit of development in this

direction has yet to be reached.

In a busy welding repair establishment practically

every day brings its new achievement in the shape of

something done that had not been accomplished before.

The whole career of a welding specialist is one long record

of daily decisions as to what is and what is not possible

in the way of repair.

It would not be strictly true to say that the words
" Can't be done " arc unknown to the welder profession-

ally, but it is not often that they have to be said : more
factors than one must enter into the final verdict. For

instance, a repair that may technically be quite practic-

able may not financially be worth while. During the

War and the period immediately following when new cars

were scarce, very large numbers of broken parts were

welded at a cost which was appreciably more than their

replacement value in normal circumstances
; but as the

choice Avas one of incurring this necessary and justifiable

expenditure, or having a car laid up indefinitely owing
to parts being unobtainable, resort was had to the weld-

ing process.

Where cost—that is to say, the cost of welding as

against that of a new part—is not the first consideration,

there are very few smashes and breakages that cannot
478
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be made good by welding. It will, however, be readily

understood that with mass or quantity production methods

in car manufacture there are numbers of parts which

can be more economically replaced altogether than repaired

by welding. It is just a question of circumstances in

each case.

As an example, it is not possible to weld and true up

one broken Ford crank-shaft at a price which compares

favourably with the cost of new shafts, because the makers

are manufacturing these components at the rate of thou-

sands per day and so can sell the new shafts at a mini-

mum price. Large numbers of Ford crank-shafts have,

Fig. 249.—An everyday example of the skilful repair by welding of

motor car parts.

nevertheless, been profitably welded in given circum-

stances. A heavy iron casting, with little machining on

it, may cost approximately the price of cast-iron in lbs.,

hence, when broken through a thick section such a piece

is rarely worth welding providing that the replacement

can be readily obtained.

The governing factor in such cases is generally time.

If a damaged part can be welded in a week, while a re-

newal would take three times as long to obtain, a money-

earning vehicle or machine meanwhile lying idle, the more

economical course would be to weld.

Welding, if it be effected with due skill and proper

regard to the character and functions of the component

repaired, should give a result fully equal, as regards
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strength and efficiency, to a new part. The proper, and

indeed the only standard to be aimed at in welding is

that there should be no visible trace whatever of its appli-

cation. The closest naked-eye inspection should not

detect it ; even under the microscope there should be

room for doubt.

A welded part should be capable of standing up to

every customary test, whether on the bench or on the

road. In this respect, and in all others of importance,

the repaired component should be in no wise inferior to a

corresponding new part from the manufacturer's stock.

Good welding—and only good welding, complying with

the requirements just outlined, can suffice for any auto-

mobile work—is, and always should be, something quite

distinct from repair, as it is commonly understood by the

garage man.

This high standard in welding is not to be regarded

as an ideal, subject to the proviso that something less will

serve well enough in practice. The essence of the weld-

ing 2:>roccss consists in perfect amalgamation of the parts

to be joined. Unless this perfect amalgamation is achieved

the resultant effort cannot be regarded as true welding.

And because it is not true welding the chances are that

sooner or later the part repaired will fail to do Avhat is

required of it ; sooner or later there will be a fresh break-

age in or near the line of the imperfect join. Therefore,

if welding is to achieve its purpose, there can be no such

thing as compromise. Only the good and perfect will

suffice ; anything less is useless, and may prove dangerous.

It is necessary to insist upon this high standard as an
absolute necessity, because an impression appears to

exist, even among technical men, that repair by welding

is a comparatively simple, straightforward business, which
can readily be mastered with inefficient plant and semi-

trained labour. Possibly this idea has for its basis the

manner in which welding, in a more or less elementary

form, was used during the War in the production of aero-

plane parts, to some extent in car manufacture, and also
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in the making of certain otlacr war material. Sucli weld-

ing, which was and is done by women, is almost child's

play compared with the most commonplace task that

engineers catering for welded motor repairs must mrder-

take ; in fact, the difference between the one and the

other is so wide that comparison would be ludicrous.

There are few of the minor industries that call for so

varied a combination of knowledge and experience as

welding applied to the repair of automobile parts. The
ideal welder must be something of a metallurgist, and

something of a chemist ; he must have a wide acquaintance

with the effect of stress and strain on many different

metals ; he nrust appreciate the points in the design of

the main components of the iDctter-known ears ; and,

further, he must possess a watchful eye, an infinity of

patience, and a retentive memory.
These remarks apply to operatives, foremen, managers,

and principals alike. Thus it will readily be understood

that good welding repair experts are hard to find. They

must, in the first place, be inherently suited to the work,

and, given these essential qualifications to begin with,

the rest is a matter of laborious training and long ex-

perience. There can never be finality about experience

and training. The training of the welding repairer is

never completed, hence a welding enterprise, whatever

the past may have brought it, must ever be looking for-

ward to the future for new lessons and new difhculties to

be overcome.

In order to deal to the best adA'antage with every type

of repair it is necessary that a number of different primary

processes should be available. For dealing with broken

crank-shafts, axle-shafts, crown-wheels, and gear-wheels,

the electric arc is generally to be recommended. In this

process a filling stick of exactly the same composition as

the part under repair is employed. The process gives

better and surer results than arc possible when using

oxy-acctylene, where the same filling rod cannot be used.

The outstanding claim for this method lies in its economy.

31
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The conditions are similar in cases of steel and cast-

iron repairs of heavy sections, which, if treated by oxy-

acetylene, involve the consumption of unduly large

quantities of gas, and on account of size and weight, raise

formidable difficulties in the way of preheating.

On large cast-iron parts the more rapid action and

greater intensity of the arc flame enable preheating to

be dispensed with. The application of the heat of the

flame to the work is comparatively so brief that its action

can be localized and confined to the immediate vicinity

of the weld. On repairs in this class, however, it occa-

sionally happens that the most advantageous method to

follow is the Thermit process
;

particularly in cases where

the section of metal adjacent to the fracture is exception-

ally heavy, thus involving the use of a very large quantity

of filling metal.

So far as motor car work in general is concerned, the

oxy-acetylene process is the most widely employed. For
the usual types of components which are made of cast-

iron, aluminium, bronze, and brass, it cannot be bettered.

Special reference must be made to malleable iron, which
is one of the least satisfactory of materials to weld. In
fact, malleable iron parts called on to withstand heavy
strains should never be repaired except in cases of ex-

treme necessity. No method has yet been discovered by
which malleable iron can be welded to give anything like

the strength of the unbroken part, although many endea-
vours in this direction have been made, and experiments
are still proceeding.

The difficulty is due to the fact that carbon from the
original metal runs into the weld and causes blow-holes,
thereby giving a weak weld, and also leaving hard pin-
heads which prevent the effective machining of the re-

paired part
;

if the weld can be ground, however, instead
of machined the difficulty is not so great. Unfortunately
this is not always possible. American " Black Heart "

malleable iron is a better material for the welder to work
with than the malleable iron produced in this country.
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Nevertheless, the need for welding malleable iron parts

is one that frequentlj' arises. Such repairs are best treated

—where a fracture through a machined part has to be

dealt with—by using a bronze stick as the filling agent
;

if the shape of the part does not allow of grinding, the

stick should be utilized to build up a machined face.

Where a fracture runs only through rough casting, fillers

of Ferrox, Swedish iron, or cast-iron—depending on the

nature of the broken malleable iron—are employed ; while

to compensate for the difference in strength between the

weld and the original metal, it is usual whenever possible

to build in extra metal. Preheating of the part to be

treated is advisable.

The approved methods of dealing, under the several

UNE orF/?AGTL//?£

Fig. 250.—The repair by welding of a broken axle-shaft.

processes named, with typical everyday breakages of

automobile parts will now briefly be described. Take

the example illustrated herewith (Fig. 250).

Here is an axle-shaft which is broken close to the edge

of the wheel in the machined end. This fracture may be

treated by either of two methods. The first described is

the best, but is also the more expensive. The line of

breakage can be seen in the sketch.

The first step is to cut the shaft at A-B. A new piece

of steel, of sufficient diameter to machine afterwards to

finished size, is also necessary. The parts are cut " V-

shape " as shown in Fig. 251 and then welded with the

electric arc, the same steel alloy filling metal as that of

which the original shaft is made being used. Afterwards

the parts are machined to finished size.
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Fig. 252 illustrates the second method of dealing with

the same breakage. The two broken pieces are set up

true and held in position for welding by a small steel pin

of exactly sufficient strength for the purpose. This is

screwed into both fractured ends of shaft. The shaft is

then " V-cut," and welded as before. In this method the

MfZZ7N

FiQ. 251.—The second stage in the repairing of an axle-shaft by welding.

shaft is not quite so strong in the weld nor, on account of

the oxidization of the metal on the machined part adjacent

to the weld, will the welded part machine up to give the

same finish.

In repairing broken crank-shafts a suitable jig should

be provided. This, while holding the two portions of

shaft in alignment, should be so constructed as to allow

Fig. 252.—An alternative method of axle-shaft repair.

the shaft to move to the extent of the expansion due to

the application of the blow-pipe and to come back again
to a true position after cooling. A crank-shaft broken in

the web should be " V'd " out, as shown in Fig. 253, from
both sides, and welded all round the fracture by the
electric arc. A crank-shaft broken through a crank-pin,

to give the best possible result should have a complete
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new pin welded in. Should it be broken at the fly-wheel
end, the method previously described of repairing axle--
shafts can often be used with advantage.
Broken teeth, the worn dogs of gear-wheels, and the

worn ends of shafts, to take further examples of welding
repair, should be built up by the electric arc, employing
welding sticks suitable to the nature of the steel of which
the repairs are to be made. The renewed portions should
afterwards be machined, or finished by hand, and case-
hardened. In the case of broken keyways of the ends
of shafts, it is generally better to fill and weld them solid,
turning afterwards and
cutting the keyway on the

farther side. Fractured

steel castings repaired by
electric arc jaresent no
great technicaldifficulties.

Reference has already 1 ^^
been made to the case of \ .. ^zrj :

heavy cast-iron parts

where the oxv-acetylene ^^°- 253.- Repairing by the welding

.
" '

, 1 process a crankshaft broken in the
process is not practicable, ^gi,

and for which the electric

arc should be used. The fracture should be " Vd " out, and
on either side of the " V " screwx'd steel studs should be

inserted in staggered positions. These form the anchor of

the weld, and with them the welding steel is really amal-

gamated. Starting at the bottom of the " V," the first

two studs are welded together and allowed to cool. This

process is continued along the full length of the crack.

The next layer of metal at the top is welded in the same
way that bricks are laid, which means that the end of the

first weld in the bottom layer should come in the middle

of the weld immediately alcove it. The method is con-

tinued, with intervals between each operation until the
" V " is comj^lctely filled up. In this way, the difficulties

of expansion and contraction are overcome.

The Thermit process can so very rarely be profitably
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used for the repair of automobile parts that any prolonged

description would be out of place here. Cracked chassis

frames may, in some instances, however, be repaired by

this means. A suitable mould is built round the fracture,

and the Thermit metal placed therein, and ignited. In

practice the usual method of executing such repairs is by

welding in a " U-shaped " piece of steel to the inside of

the frame immediately over the fracture, the electric arc

or the oxy-acetylene flame being used in the work. The

weld should be along both sides and at each end, the

fracture being afterwards welded up to the " U-piece
"

of steel from the outside of the chassis. Care has to be

taken in regard to the section of the steel used for the

purpose ; if it be too heavy, it will make the chassis

unduly strong at the repaired point, thus setting up

new stresses and strains which may lead to future

trouble.

For repairing cast-iron automobile cylinders, it is rarely

that any other process than oxy-acetjdene can advan-

tageously be used. The principal exceptions are in cases

of scored bores, or blow-holes in the bore, and certain

water-jacket cracks. In such cases the " Lawrence "

process, a method in which a nickel silver alloy, with a

melting point approximate to that of cast-iron, is fixed

into the crack or score, is giving exceedingly satisfactory

results. This process dispenses with preheating, and

obviates the necessity of rcgrinding, consequently the

existing pistons and rings are retained. Naturally it is

quicker and cheaper to treat scored cylinder walls and
certain water-jacket cracks bj^ this method.

The most common cylinder fractures take the form of

broken feet or holding-down lugs. In repairing, the

broken foot should be set into position very slightly high

on the face. The fracture is welded from the outside, on
top face, and inside the bore, plenty of metal being built

up inside on the loose piece to ensure that the bore -will

grind out clean to size. The welded metal is finally ground
off to leave no trace of the repair

; preheating is not
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required. Where cylinders are cracked in the inner walls

at places not readily accessiljle, the outer walls arc cut

away to lay bare the cracks, always allowing for the cracks

going farther than appears, so that the Avelder can weld

right to the end. In cases where a combustion liead is

blown away, if it is in small pieces, a new casting in its

stead is generally made.

In all cases of cracks and breakages in cylinder cast-

ings, other than at extremities, such as broken feet, the

Fig. 254.—A typical example of modern welding practice. The view on

the left shows a cylinder block fractured beyond repair to all appear-

ances. The other view, however, shows the rebuilt casting after

repair.

cylinder must be preheated before it can be welded. The

work must be done very slowly to secure good results.

The average automobile cylinder is given from four to

six hours in the heating process, according to its size.

The greatest care is taken to ensure that all parts are

heated equally together, otherwise distortion and further

cracks will most certainly be caused. At the end of the

heating, the casting should be of a dull red colour, when

it is ready for welding. It is retained as near to this

temperature as possible until the welding is completed,

a,fter which it is again brought to an equal heat all over
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and allowed to cool down and anneal by the same gradual

methods as those used in the preheating.

When the casting has cooled down to stone cold, and

before any machining is done, a thorough examination is

made to make sure, as far as possible, that the cylinder

is sound. All surplus welded metal is then ground off,

even from the rough cast-iron, and the machined faces

and port-holes finished off to their original state. This

work completed, the usual tests are given, and a further

examination is made of other parts before the job is

finally passed as satisfactory.

There is one make of automobile cylinder, however,

which cannot be preheated, because it always cracks in

the process no matter what precautions are taken. There-

fore, except in the case of broken feet, it is unwise to

attempt its repair. Some other makes of cylinders give

infinite trouble, partly due to design, and partly to the

quality of metal used in their construction. These cylin-

ders require the most careful and skilled handling, and

even then it is not always possible to effect a satisfactory

rejjair. A welding shojj which handles big quantities of

automobile repairs has exceptional opportunity of dis-

covering weak spots in the different nrakes of cars, and
it would be to the general advantage if the motor manu-
facturers appreciated this more and got into closer touch

with the successful welding concerns.

In the repair of aluminium, the oxy-acetylene process

stands pre-eminent. There is only one other method
that can successfully be used at all. This consists of the

caster's method of " burning on " a missing section which
may vary in thickness from j\ in. to -J- in. In this pro-

cess, whilst the amalgamation may be good at the parts

where the metal is fV in. in thickness, at the places where
it is I in. it cannot be, Ijccause the thinner metal melts

before the thicker piece. By using the oxy-acetylene

fiame, however, a perfect amalgamation can be obtained,

no matter to what extent the section may vary in thick-

ness.
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Such parts as broken aluminium lugs present no diffi.-

culties to really skilled operators, of whom, unfortunately,

there are very few. A suitable flux is necessary, and either

a filling stick of pure aluminium, or a stick of the same

alloy from which the broken part itself is east. Repairs

to broken or cracked gearboxes, differential eases, and

crank cases are more difficult on account of the expansion

and contraction which take place, and which lead to

further cracking or warping if the whole of the repairing

process be not properly controlled.

Crank eases and gearboxes which are cracked or broken

in such a manner as to be likelv to throw the bearings out

fjG. 255.— A welding reiiair calling tor great, c-aro in or'Irr to avoid

distortion.

of alignment nuist be properly set up before welding so

as to keep the parts as near as possible in their original

position whilst the repair is being made. It will be

readily seen that in a case where a bearing is broken

right away, it is impossible, no matter what precautions

are taken, to weld up the bearing and obtain the same

degree of accuracy after the welding operation is com-

pleted as was gi\-cn by the precision machine which

machined out the bearings in the first instance. What

the welder aims at in such cases is to keep the alignment

as closely as possible, correcting the amount of error, when

the welding is completed, by skimming the bearing out

to o-ive dead accuracy. When an aluminium repair has
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been welded, it is cleaned up by removing the surplus

welding metal, while the machined faces are restored to

their original condition, and the part left without a trace

of the repair.

Another fairly common repair concerns the cracked

spokes of cast-steel lorry wheels. This work, incidentally,

is a fairly conclusive test of welding skill. The wheels

may be repaired either by the electric arc or oxy-acetylene

flame. The skill in this type of repair lies in the heat

treatment of the rim so that when the job is finished

the spokes are all the same length ; if this be imperfectly

done, the spokes will assuredly crack again shortly after

going into service.

The foregoing does little more than give the general

outlines of those methods usually employed in a few

selected types of automobile welding repair. It must

be borne in mind that practically every job has its own

particular feature. For this reason, apart from all the

other considerations involved, it is impossible to lay

too much stress on the importance of the welder's being

possessed of experience and aptitude, whether he uses

the electric arc or the oxy-acetylene flame. In the case

of the arc, it is impossible to tell from observation of a

weld in progress whether it is good or bad, for only the

instinct that comes with long practice can give the neces-

sary skill and certainty.

With oxy-acetylene, a weld may appear good on the

surface, and afterwards it may turn out that a sound

joint has not been made. This is a very common error

made by a surprisingly large number of men who pose as

expert welders. An intelligent man may learn to weld

plain sheet metal in three or four weeks, but the only

man who may safely be given a damaged automobile

part for welding repair is an accomplished specialist.

Essential Welding Plant

In setting out to describe the nature of the plant re-

quired to equip a welding department, either for a car
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manufacturer or a large garage, two considerations must
be borne in mind. The first and the more important

is that welding as applied to repair work is a highly

specialized craft. Only within quite narrow limits can it be

satisfactorily carried out as a side line, or as a mere branch

of an undertaking. Some firms, it is true, do possess

their own welding plants, but even in these cases a sub-

stantial proportion of the welding repairs must needs be

sent out to one or other of the exclusive specialist welding

establishments. The second consideration is that every

welding shop has its own methods. All that may advan-

tageously be attempted here, then, is to give an individual

opinion, arrived at by experience, of a typical plant for

undertaking welding repair work of more or less simple

character. Beyond this it is better for the average concern

not to go, for it will pay better in the end to send com-

plicated work to a welding specialist, and fully to describe

the plant and methods here used would need the whole

book rather than one chapter.

It will be obvious from what has already been written

that the oxy-acetylene system is the most generally useful.

At the same time arc welding has many points in its

favour. Such plants can be utilized cither on alternating

or direct current of any ordinary voltage, but it must be

transformed down to the usual arc voltage. In arc weld-

ing, however, there are several different methods, each

having distinct features and equipment of its own, so

that the subject could only be adequately treated by dis-

cussing each system in turn. Therefore it may safely be

said that in all but a small percentage of the cases where

welding plant is installed in connexion with motor car

manufacture or repair, it will be of the oxy-acetylene

variety.

Of oxy-acetylene plants there are various patterns and

makes, various appliances, however, differing only in

detail. In essentials they are all very similar, and which

shall be adopted is a question governed by individual

opinion and convenience. The only classification ncces-
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sary is that of low pressure and high pressure installations.

In the one, acetylene is generated on the spot by means

of a generator and earbide ; with the other, the acetylene

is supplied in cylinders under pressure. With both,

oxygen in the usual steel containers is employed, although

self-generated oxygen can be used where supplies of these

are not readily obtainable. So far as the British Isles

are concerned, there is no difficulty in any case. There-

fore the problem of gas supply, whether of oxgyen or

acetylene, is simple.

The high pressure system, which uses dissolved acety-

lene, is somewhat more expensive in first cost and opera-

tion, but its advantages make it preferable for the relatively

small accessory plants of the kind under discussion.

The use of dissolved acetylene renders a generator, with

its accessories, unnecessary ; it is therefore simple in

manipulation, takes up less space, and saves time and

labour. A high pressure blow-pipe is also less complex

than the one employed in low pressure operation, chiefly

on account of the fact that both acetylene and oxygen are

delivered into the blow-pipe at similar rather than widely

differing pressures. Another advantage of dissolved

acetylene is the assurance it affords of perfect gas purity,

a factor of extreme importance, for it is impossible to pro-

duce good welding with indifferent gas. Purified and
purifjdng materials are obtained as accessories to low pres-

sure generators, and are quite satisfactory, but they seem
to add one more clement of complication. Where initial

outlay is not a primary consideration, and bedrock

economy in working not a governing factor, there is a

great deal to be said for an oxj^-acetylene welding plant,

employing dissolved high pressure acetylene.

Such a plant will consist of blow- pipes with nozzles of

various sizes for dealing with different thicknesses of

metal, cylinders of dissolved acetjdene and oxj'gen, regu-

lators, pressure gauges, the necessary tubing and connec-

tors, and a number of small tools. The whole plant can
be contained on a small trollej', thus it is portable and can
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easily be moved from place to place in a works or garage.

A low pressure plant for similar work would demand a

generator and accessories, together with blow-pipes and
other equipment. In iiritial and actual operating costs

the latter is more economical than a high pressure instal-

lation, but this advantage may possibly be neutralized

to some extent by the additional space needed, and the

greater necessary care in maintenance and working.

There are several British firnrs who can supply perfectly

efficient equipment of either of the two types mentioned.

Judiciously utilized welding plants save their cost in a

comparatively short period, not so much perhaps by doing

on the premises work that would otherwise be sent to

welding specialists, but by effecting a variety of small

repairs that might not, in the absence of a welding plant,

be attempted at all.

Broken levers, connecting-rods, small lugs, and minor

cast-iron and aluminium parts are examples of com-

ponents that may profitably be welded instead of replaced,

for in many cases such parts repay being repaired on the

spot, but on the other hand would hardly bear the trouble,

delay, and cost of transit if they had to be repaired by an

outside firm. As to the trained and experienced men
without whom the best of welding plants are ineffective,

these can only be had from the specialist works. It is

interesting to note that one of the leading welders was

advertising in The Times in the early part of 1920, offer-

ing really skilled welding ojierators a wage of £15 a week,

and a long engagement.



CHAPTER XXV

THE X-RAY EXAMINATION OF MATERIALS

Motorists of long practical experience occasionally ask

a question in regard to the actual progress made during

the last twenty years by the car manufacturer. To those

without exact knowledge, the question is sometimes diffi-

cult to answer ; but people who have given the matter

serious study can point out a score of improvements

introduced during the last twenty years, each one of

which is a sufficient and satisfactory answer to the original

query.

Sometimes it is pointed out that, say twelve years ago,

makers were building four- and six-cylindered cars of

much the same general construction as the latest vehicle

of 1921, with the additional advantage that they were

being sold at a price which is, in proportion, very much
lower than that of the modern car.

The truth is, however, that the car of a decade ago was,

although moderately trustworthy so far as its mechanical

construction went, not exactly efficient as the engineer

and scientist of to-day understand efficiency. No great

imagination is needed to understand that a considerable

saving in maintenance cost follows over a saving in actual

weight, so that if the car of 1921 be 100 lbs. lighter than

its prototype of 1910 apart altogether from questions

concerning the individual inefficiency of practically every

component in its construction, its maintenance cost will

be relatively more favourable.

It is a fact that the 20 h.p. four-cylindered engine of

to-day is lighter, quieter, more efficient, longer lived, and
in many respects superior to the unit of ten and fifteen

years ago, which claimed to be of practically the same
494
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power. Silence in operation and lightness in weight are

practically all that the modern motor engineer can look

forward to, unless the whole design of the motor car, its

engine and transmission, be radically changed ; for silence

in operation, no price is too great.

Lightness is a very desirable quality in car construc-

tion, yet lightness is not easily come by, for it must be

accompanied by no reduction, but rather an increase in

strength, therefore the designer is faced with a problem
which, for the sake of illustration and clearness, may be

put thus : it is desired to reduce the weight of a car

weighing 20 cwts. to 15 cwts. without weakening any
part of the structure, but on the other hand, in strength-

ening the whole.

Those enthusiastic amateur motorists who talk glibly

of reducing weight by improved design find themselves

in a very difficult situation when faced with the actual

task. The truth of it is that, although along general lines

there has been no marked departure in car practice dur-

ing the last ten or fifteen years, the car of 1921 and that

of an earlier period are essentially different products,

having practically nothing in common but the two prin-

ciples of power production and transmission. Indeed, it

might be said that although there are many mechanisms

upwards of ten years of age still in service, they are re-

tained either in ignorance or sentiment, for, as modern

ideas go, they are not commercially worth the running.

A saving in weight, together with increased strength,

has been gained partly by better design of the various

components employed, and partly by the use of improved

materials, while the introduction of newer manufacturing

processes, such as welding, forging, stamping, die-casting,

and so on, have made it possible to use designs which,

while lighter, also occupy less space and are relatively

much stronger than the early constructions.

To take an example. In the early days permanent joints

between metal and metal were achieved either by rivet-

ing or bolting the parts together, more or less heavy
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flanges being used for strengthening purposes. Nowa-

days, the constructors in nine cases out of ten would weld

the joints and, providing the work be skilfully carried

out, obtain parts which are cheaper to manufacture, in

addition to being both stronger and lighter in service.

At all costs, however, hidden weaknesses in metals

must be eliminated. Rule of thumb tests have had their

day and ceased to be, and the manufacturer now calls

on the scientist to inform him in exact terms as to the

strength of metals and the constructions employed. To

outward seeming, the plain weld may seem a perfectly

satisfactory job, but metals may be so badly united in

welding as, in effect, not to be joined together at all,

although it is often difficult to detect the flaw, even by

scraping, filing, machining, or the use of a magnifying

glass.

Take a motor engine fly-wheel, for example. Ten or

fifteen j'cars ago, one occasionally heard of fly-wheels

bursting owing to some flaw in the casting. Nowadays,

there is no excuse for such an occurrence, for the manu-

facturer can X-ray most doubtful castings in such a way
that the excellence or otherwise of the metal throughout

the whole job is clearly seen ; while cracks, blow-holes,

sand, and other defects are plainly exposed on the print.

The same remarks apply to forgings, stampings, and the

other parts used in car construction. An interesting and

extremely valuable method of examining the internal

structure of materials, which will undoubtedly become a

standard one in the near future, has been evolved and

developed during the past two or three years.

The method, briefly, consists in placing a special photo-

graphic plate and intensifying screen beneath the inaterial

to be examined, and in passing X-rays, of a particularly

intense nature, through the material. If the material be

perfectly homogeneous, the X-rays will affect the plate

evenly, but if any flaws, blow-holes, or reductions in density

or thickness exist, a greater proportion of the rays will

pass through these places, and the effect will be to give
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a denser photographic image on the negative. Thus, on

a photographic print defects of the above nature, in an

otherwise homogeneous material, wiU appear as lighter

patches on a denser background, representing the uniform

material ; in effect, a shadow-picture is obtained.

Proper precautions, which will be considered more
fully later on, are necessary in applying the above method
to engineering and motor car practice, but these are

known to scientists, and special X-ray apparatus suitable

for use in car works is now available. This method is

non-destructive and is already much used for material

inspection purposes.

Before passing on to a description of the principles

and details of the method, it may be of interest to con-

sider its various applications and also its limitations.

Dealing first with metals, it is possible to obtain X-ray

photographs, or " radiographs," from mild steel plates

up to six inches in thickness and over, which will reveal

defects such as flakes, blow-holes, and flaws ; with thinner

plates, greater detail can, of course, be obtained. Thus,

in the case of a steel plate of 1 in. thickness, a flaw of

1 mm. diameter can be shown very clearly, and much

smaller defects detected. For lighter metals, such as

aluminium and its alloys, thicknesses up to about five

inches can be dealt with. Welded joints in all kinds of

metals can be accurately examined, for any porosity or

blisters at once show up as lighter patches or spots ; where

the union is imperfect the edges of the original plates can

be clearly seen, whilst in the case of good welds there is

no visible boundary.

Steel, cast-iron, and non-ferrous castings can be ex-

amined by means of X-rays for l)low-holes, flaws, blisters,

uneven thickness, and other defects. The interior of

enclosed mechanisms, such as clocks, watches, switches,

cartridges, shells, bullets, and torpedoes, are at once dis-

closed in the radiograph. The applications of this method

in electrical work are numerous and interesting. Thus,

in the case of electric heating circuits, in domestic utensils

32
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such as electric kettles, in airmen's electrically-heated

clothing, and in soldering-irons, any short or break in the

circuit is at once apparent.

The homogeneity of the various electrical insulating

materials can also be examined by this means. In the

case of timbers, thicknesses up to about 18 ins. thick can

be examined, and internal defects such as knots, resin-

pockets, shakes, cracks, grain defects, and grub-holes

detected. In aeronautical timber inspection work

considerable use has been made of the X-ray method

for examining the internal and inaccessible parts of

various articles, such as hollow struts and spars, the inner

layers of ply-wood, glued joints, and internal workman-

ship defects. Rubljer goods, such as automobile tyres

and buffers, can be internally examined by means of

X-rays.

There are so many applications of the idea to engineer-

ing materials that it is advisable here only to mention a

few of the more interesting and important ones ; but in

other fields, such as in anatomy, botany, and crystallo-

graphy, the X-ray method has wide applications and

possibilities. The present limitations of the method are

that it requires expert experience in arranging the speci-

men so that no secondary ray fogging occurs ; that it is

confined to limiting thicknesses and shapes ; and that at

present direct visual methods are not perfected, photo-
.

graphic plates being emploj^ed ; other minor technical

limitations also exist, but they will, no doubt, be overcome

in time.

It is not proposed to deal with the purely physical aspects

of the subject, but rather to describe the more interesting

properties of the X-rays, in order that the method of

utilization may be well understood.

The X, or unknown, ray was accidentally discovered

by Prof. W. K. Rontgen, of Bavaria, in 1895. This

scientist found that when a high voltage discharge was
made across an evacuated glass tube, securely enclosed in

stout light-tight, black paper, a fluorescent screen, lying
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on the table some nine feet away, shone out brightly.

Objects interposed between the tube and the screen cast

shadows on the screen, varying in intensity with the

density and thickness of the objects themselves. These

rays were found to be of the same nature as light, but of

extremely short wave-length, namely, about 10* centi-

metres, and were situated beyond the ultra-violet end of

the spectrum. The velocity of X-rays is about 3 X 10"^

centimetres per second, and the range of action from a

few centimetres to over 100 metres (or about 110 yards).

X-rays are invisible to the eye, and when they impinge

upon objects do not, like certain other similar rays, cause

fluorescence. (Special screens, coated with substances

such as tungstate of calcium, fluoresce under the action of

X-rays, and are used for visual observations.) Neither

do they appear to be carriers of electric charges, as they

are uninfluenced in an electric or magnetic field and

apparently cannot be refracted or reflected.

The penetrating property of X-rays for the same

material depends to a marked extent upon the design of

the X-ray tube, and upon the electric potential across the

electrodes of the tube ; for higher potentials the pene-

trating property is greater. The penetration for different

materials is greater for those of lesser, and less for those

of greater density ; in fact, the transparency of a material

to X-rays varies inversely as its atomic weight. Metals

such as lead or mercury offer the greatest resistance to

penetration, and are therefore used as screens for cutting

off these rays.

Apart from density, the penetration of the rays depends

upon the thickness of the material, and is less for a greater

thickness. The intensity of radiation striking a given

object is proportional to the X-ray tube current (in niilh-

amperes) and is inversely proportional to the square of the

distance of the object from the anticathode. Thus, if an

object of uneven thickness is examined by X-rays, the

thicker portions will give denser images on the radiograph

print.
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The intensity of the radiation also depends upon the

angle of incidence of the rays. Heat does not appear

to have any influence upon the transparency of a material

to X-rays, for red-hot castings give the same radiographs

as when cold. X-rays cannot be focussed or reflected by

lenses or prisms, for the reasons previously given.

Very fast photographic plates or films are necessary for

radiographs of materials, and intensifying screens are

required for enhancing the effect of the rays upon the

silver emulsion of the films.

Fig. 256 illustrates, diagrammatically, a simple X-ray

bulb or tube, and serves to explain its action and also

that of the modern high efficiency tubes. The positive

terminal of a very high potential induction or Rhumkorft

coil is connected to the

anode, or the anticathode,

and the negative terminal

to the cathode. The bulb

itself is exhausted of air

to a high degree of

vacuum, actually from

Fig. 256. A to xcto mm. of mercury.

When the induction coil is

working, a beam or pencil of cathode rays is brought to a

focus on the anticathode, which consists of a metal plate

inclined at -15° to the rays. Platinum, or a similar high-

density metal, is used for this plate, whilst the concave

cathode is made of aluminium, or similarlow-density material.

The anode, which, incidentally, is not always required,

is also made of aluminium and is connected to the anti-

cathode. The cathode rays, \ipon impinging upon any
solid material such as the metal of the anticathode, cause

X-rays to be produced and projected ; this is, roughly

speaking, the principle of the generation of these latter rays.

The pale green fluorescent flow on the bulb, when the

current is passing, is due to the impinging of the cathode

rays reflected from the anticathode ; the X-rays, as

previously mentioned, are invisible.
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The effect of the impingement of the cathode rays on the

anticathode causes it to become very hot, so that it is

necessarj^ to provide cooling means, such as massive elec-

trodes, radiating fins, or water-cooled electrodes.

With continued use the X-ray bulb tends to become
more exhausted or, as it is termed, " harder," so that

some means for letting in a small amount of air to " soften
"

the tube is generally provided. If the air pressure is too

high in the X-ray tuljc, the potential required to produce

the X-rays will be lower, but these rays will be less pene-

trating.

The ordinary X-ray tube, previously described, is not

suitable for radiographing materials, although very useful

for botanical, therapeutic, and similar purposes; therefore

it is necessary to employ

higher \'oltagcs and far

higher vacua.

Dr. Coolidge has de-

signed an improved form

of X-ray tube, illustrated

in Fig. 257, wherein the

degree of vacuum obtained Fig. 2.57.

is about 1,000 times better

than that of the ordinary X-ray tubes, this is now widely

used for the examination of materials.

The cathode consists of a tungsten wire spiral, enclosed

in a tube of molybdenum, and in electrical connexion

with it. The tungsten wire is heated by means of a

separate battery, usually consisting of six or eight cells,

and in the heated state it becomes a source of discharge

of cathode rays, focussed by means of the molybdenum

sleeve, which is, in reality, the cathode, on to the compara-

tively massive tungsten anticathode, the latter being pro-

vided with cooling rings ; the ordinary anode is omitted

in this case. The cathode and anticathode terminals are

connected to the secondary coil of an induction coil of

high potential, when the intensity of the X-rays pro-

duced increases with the temperature of the cathode.
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and can be readily controlled by varying this tem-

perature.

With a temperature of about 2,000° C. it is possible to

obtain an exceedingly great output of X-rays. This tube

can be run with either direct or alternating potential,

owing to the uni-directional effect of the hot cathode,

which permits the current to flow in one direction only.

Coolidge tubes can be run for several hours at a time, on

a spark gap from 7 to 8 cms., with a current of from 15

to 25 milliamperes, and potentials of from 100,000 to

200,000.

There is another form of X-ray, which is a great im-

provement upon the ordinary X-ray tube. In this case

the cathode is cylindrical, as in the Coolidge tube, but the

filament is larger. In addition the bulb has two " prim-

ing " branches, or three circuits, consisting of the heating

circuit, which is of about 15 volts, the ignition circuit of

2,000 volts, and the discharge circuit of about 200,000

volts. Both the Coolidge and the Lilienfield tubes,

having very few gas molecules left in them, exhibit no
" hardening " effect, and retain their X-ray production

properties for relatively long periods.

So far only the X-ray bulb has been dealt with, hence
it is now advisable briefly to consider the other essential

apparatus required for the application of the principles

previously discussed to actual practice. The commercial, as

distinct from the laboratory arrangement, will be outlined.

Of the two principal arrangements in service, which
consist of {a) the induction coil and interrupter, and (6)

the transformer with rectifier (Wims hurst machines have
been employed abroad for the production of high potentials,

and voltages up to 300,000 with currents of 3 milli-

amperes, and spark gaps up to 55 centimetres have been
used : special precautions are, however, necessary, in the
design and use of this apparatus), the former only will be
described, since it is the one at present most favoured
in this country. The general arrangement of apparatus
is the same in each of these systems, except that the
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transformer in the latter case replaces the induction coil,

whilst both act as the source of the production of a high

potential.

The complete apparatus for taking radiographs consists

of a battery supplying the heating current, a control

apparatus to regulate the output, a high potential apparatus

to transform the low voltage of the mains, Coolidge or

similar X-ray tubes, pliotographic plates and screens,

together witli proper sliields for the protection of the

operator, and for cutting out secondary ray effects.

Fig. 258 illustrates, dia-

grammatically, the usual

arrangements of an X-ray

set for examining materials.

It consists of a large in-

duction coil I, provided

with an adjustable spark

gap S (the length of which

indicates, roughly, the po-

tential across the tube), the

primary or low-tension

leads from the mains are

shown at L. In the high-

tension circuit from the

secondary of the induction

coil is placed a milliani-

meter M, for indicating the X-ray tube current, and also

a kenetron tube, the object of which is to suj^press the

current in the wrong direction, so as to give a vmi-

directional effect. At C is shown the regulator and battery

for the filament of this tube.

The Coolidge tube at X is placed in a wooden box W,
which is thickly covered with a special compound of

indiarubber and lead oxide—a good insulator which can-

not be penetrated by X-rays ; a window, or aperture a

in this box allows a beam of X-rays to project in the

desired direction through the object to be examined 0, on

to the screen and photographic plate R.

Fig. 258.
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The box itself can be made ijortable, where large objects

such as boiler joints and welds in ship's plates are con-

cerned ; in these cases the X-ray tube box is mounted

or slung into position on the object to be examined. The

battery stand and control for the Coolidge tube is shown

at Y, in Fig. 258, whilst P denotes the position of the screen

for protecting the operator from the injurious effects of

the X-rays. Many fatal

accidents have resulted

from X-ray burns, which

cause severe dermatitis, or

skin disease, with can-

cerous ulcerations follow-

ing. Apparentljr there is

no cure for this at present.

In the Cox-Cavendish

commercial set, which is

illustrated in Figs. 259 and

260, this screen is mov-

able, and consists of a

wooden panel about 6 ft.

high by 3 ft. wide, sup-

ported on aero wheels or

castors, covered with sheet

lead, and provided with

a window, glazed with

thin flint-glass, which is

fairly opaque to the

greater part of the X-
rays. The induction coil is usually arranged to trans-

form the ordinary main's current of from 3 to G

amperes at 240 volts, up to from 100,000 to 200,000 volts

with a corresponding current of a fcAv milliamperes. (Vol-

tages up to nearly 400,000 and currents up to 61 milli-

amperes have been used in exceptional cases, but the above

represent tJie average values.)

The usual lengths of spark gap for the examination of

metals of 1 to 2 ins. in thickness vary from 30 to 40 cms.

Fig. 2.59.—A typical X-ray set for

cominercial use.



X-RAY EXAMINATION OF MATERIALS 505

(or about 12 to 16 ins.) Avith a current of from 3 to 5

milliamperes, and a potential of from 100,000 to 140,000

volts. It is usual to adjust the gap so that the spark

occasionally just jumps across. The greater the poten-

tial, and the secondary current value, the better will be

the penetration and intensity of the resulting X-rays,

and the shorter the time of exposure for the radiograph,

^espectivcl3^

On the other hand, if

the X-rays are too
" hard," thej' pass right

through the photographic

plate, and the film of

emulsion is incapable of

arresting and recording

them, so that a softer

beam or ray should be

employed, thus exciting

the radiations character-

istic of the silver, or of

the bromine of the film,

for the maximum photo-

graphic effect.

In order to photograph

the rays emerging from

the object to be examined,

special precautions must

be taken to obtain the

best definition, minimum
exposure, and freedom from the fogging effects of the

secondary rays. To this end it is necessary to employ special

X-ray photographic plates of great rapidity or, better still,

specially coated celluloid films, whereon ))oth sides are

covered with the emulsion. The ordinary silver emulsion on

photographic plates is considerably more sensitive to

ordinary hght than to X-rays, so that special screens are

employed which reduce the time of exposure to from i\-,
tf) ^rV

of its ordinary value. These screens are coated with a

Fig. 2&.).- -Front view of the X-ray

commercial set.
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substance, such as tungstate of calcium, which fluoresces

under the X-rays, giving a violet light of high actinic

value ; the screens are placed in close contact with the

sensitized surface of the plate or film—in the case of double-

coated films, two screens are used, one on each side

—

between the latter and the object to be radiographed.

By aid of such screens, instantaneous radiographs of

moving objects, such as enclosed mechanisms, and also

the organs of the body, can be obtained ; for radiographs

of materials of any appreciable thickness, however, time

exposures are necessary. The length of exposure in any

case depends upon the thickness of the material, its den-

sity, and the milliamperes in the X-ray tube circuit.

The Cox-Cavendish Company give the following expo-

sure data applicable to mild steel plate, at 10 ins. distance

(from the X-ray tube) and with a 10 in. spark :

Thickness Exposure in Milliampere-seconds.

i in 20

i in. .... 80

1 in 350

2 in. .... 1,600

The actual exposure in seconds is obtained by dividing

the above values by the milliamperes of the X-ray circuit.

The exposure for other metals or materials will vary

roughly as their specific gravity ; for tungsten steel (20 per

cent, tungsten), however, the exposures are about double

those above given. The usual distance of the photo-

graphic plate from the source of the X-rays is about 10 ins.,

the intensity falling off according to a square law, whilst

for anatomical purposes it varies from 12 to 24 ins., with

a spark gap of 10 to 12 ins. It is recommended that

glycocol, or a similar slow developer, be used for the

plates, in order to obtain the best contrast effects.

To secure sharply defined radiographs, the rays falling

upon the specimen should be parallel and normal to the

plate ;
actually the rays are conical, a scattering taking

place in all directions within the specimen and any objects
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within its vicinity. This secondary radiation is due to

the fact that each particle struck becomes itself a source

of X-rays ; in the specimen, the surrounding particles

absorb these rays, but at the surfaces or edges, these

secondary rays occur. During the process of taking a

radiograph every particle in the path of the X-rays be-

comes a centre from which weaker radiations are given

out ; and if these are allowed to reach the photographic

plate, fogging will occur.

It is useful to note that the stronger secondary radia-

tions occur where the X-rays graze the side of an object,

or strike at a fine angle. For

incidences of from 30°, to I

normal incidence, there is no

serious production of secondary

rays. From the practical point

of view, these secondary rays

are a source of trouble, but

their fogging effects can nearly

always be avoided by suitably

screening the sides, the very

oblique surfaces, and other

sources of generation, by
means of lead plates, lead shot,

mercury, or other high-density

metals.

Fig. 261 illustrates a simple case of screening, in which

the specimen is protected on the sides by a lead plate,

which cuts off the weaker secondary radiations. The
source of the primary beam is the anticathode.

It is necessary to protect the photographic plate, at the

back, by means of a lead tray, which also protects the

edges of the plate ; the overlap of the lead sheets should

be at least 1 in. in all ordinary cases.

A method which has been successfully employed for

reducing the scattering effect of the bundle of rays is to

confine them in a leaden tube, with sheets of lead applied

to all parts of the plate which might be excited by stray

Fig. 261. —A simple method of

screening.
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Fig. 262.— The use of a leaden

tube and box to confine the

rays.

radiations. Fig. 262 illustrates an application of this

method to the case of thick specimens ; the rays are

directed through an aperture in a lead box, down the

upper lead tube, through the specimen and down the

lower tube, they then enter

the intensifying screen and the

plate.

For thick plates up to 2 ins.,

lead sheets up to J in. thick are

required. In the case of irregular

shapes, careful attention must be

given to the question of screen-

ing. For this purpose lead shot,

and also mercury, are both use-

ful in filling up awkward shapes,

cavities, and contours.

Aluminiimi or celluloid sheet

is often used to keep the mercury
from contact with the photo-

graphic plate, and paraffin wax to prevent the mercury
from running out.

Fig. 26.3 illustrates a typical example, in which these

methods axe applied. The specimen, consisting of a

metal bracket drilled for bolts, is placed upon an alu-

minium tray, the spaces

being filled in with paraffin

wax. The edges and the

holes, which would be

sources of secondary radia-

tions, are protected with

mercury or lead shot, and

the lead mask and tray

placed as shown.

In the case of metal sheets up to about one-eighth of
an inch in thickness, the above precautions are not neces-
sary ;

all that is required being a lead mask in front, and
a lead tray with the photographic plate or film behind,
with one or two intensifying screens. The exposures in

Fig. 263.—The use of wax and
mercury.
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such cases are sufficiently short to prevent any secondary

ray fogging effects.

In setting up objects for X-ray examination the operator

avoids, as far as possible, any distortion of the image

due to obliquity of the rays falling on the plate, and any
enhanced shadow effects due to irregular or oblique sur-

faces in the object itself. The relative positions of the

tube and the object have to be settled from these considera-

tions, and all bad insulators kept at a minimum distance

of about 7 ins. from the X-ray tube, or high potential

leads.

In the case of large objects it is often only necessary

to examine a part of the material at a time. In such

cases, all that is required is a lead dish of tlie sunk type

to screen the plate, the material of the object projecting

all around it. The example given in Fig. 262 is a case in

point.

Having settled the correct disposition of the tube, object,

screens, and plate, the X-ray apparatus is adjusted to

give the most suitable radiation for penetrating the object,

and the correct intensity for minimum clear exposure.

The required potential is gauged by means of the spark

gap, which is set to the corresponding distance, with con-

trols on the " weak " side. These arc then regulated so

as to increase the potential across the tube and its current,

so that when the latter is at some predetermined value

(usually from 3 to 6 milliamperes) sparking occurs across

the gap. The spark gap is then increased until the spark-

ing just ceases, for the same given current.

The necessary precautions in using the apparatus will

be evident to anyone with electrical knowledge. They

consist chieily in keeping clear of high potential leads,

and in the operator working his controls behind a glass

screen for the lower voltages, and a lead screen for higher

voltages (that is to say, about 80,000 volts, when a cabin

or screen hned with lead of 5 mm. thickness or more is

required).

It is possible, by using screens of anti-X-ray glass of
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10 to 15 mm. thickness, to watch the X-ray bulb at work

either directly, or by reflections from mirrors, for vol-

tages up to 80,000 ; above this a lead shutter is pulled

down over the window, or the bulb is placed in a lead-

hned box, and a mirror used for inspection purposes.

One of the developments of this method, probable in

the near future, which has already been used for low-

density metals and timbers, is to employ fluorescent

screens, so that the shadow effects can be directly observed

without recourse to photography. Barium platino-

cyanide is usually employed, but in the case of this and

most other salts, the fluorescence effect becomes weaker

after continued exposure to the rays. The X-ray method

can be applied to stereoscopic effects ; two radiographs

may be taken in turn by shifting the X-ray tube between

the exposures 2 or 3 ins. along the direction of the surface

of the plate, when the tube is about 20 ins. from the

subject. Resulting radiographs may be taken in turn by

shifting the X-ray tube between the exposures 2 or 3 ins.

along the direction of the surface of the plate, when the

tube is about 20 ins. from the subject. When the resulting

radiographs are examined in a stereoscope a depth of

focus effect is obtained.

By the stereoscopic method, or by taking radiographs

of the same object with the X-rays in two or three different

positions, it is possible to locate the exact spot at which
a defect occurs ; these methods are useful for detecting

blow-holes, air bubbles, and slag-inclusions in metals.

Having considered the properties of X-rays and the
necessary apparatus and methods of using it, a few typical

radiographs to illustrate some of the appUcations of the
method are given.

Dealing with the X-ray method of examining welded
joints and tubes, first. Fig. 264 shows a radiograph of a
badly-welded joint in | in. manganese steel plate. The
illustration clearly shows the included air bubbles or
cavities, and the uneven nature of the metal about the
joint. IncidentaUy it shows that there are other defects
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Fio. 204.—A badly welded

joint in manganese plate.

Fig. 265.—a
photographic

view of a

welded elip.

in the material indicated by the hght spots scattered in
the other parts of the plate. _
These marks were proved not

to be due to local chemical too-.o
Fig. 265 is an outside photo-

graphic view of a welded sheet-

metal clip, whilst Fig. 266 is a

reproduction of a radiograph of

the same part. It

is difficult to re-

produce all of the

original radiograph details, but the original

clearly shows, in the lighter spots and patches,

uneven welding and bad junctions at the

places marked X, whilst the uniformity of the

shadow at Y shows even

welding.

An interesting radiograph

of the soldered outlet pipe

joint of a radiator, which failed in service,

is shown in Fig. 267. The pipe was
soldered to the bottom of the

radiator l^y means of a round

flange, being additionally

strengthened by a star-shaped

flange. The darkest parts of Frc. 20fi.—AnX-ray
the radiograph show where view of the clip

the solder has "taken" on ^i'o^yn ^hove.

both joints, whilst the medium patches denote

good soldering on one or other of the joiiits ;

the lighter patches show that the solder at these

places has taken upon neither joint.

The X-ray method is now employed for the

inspection of automobile castings. In this con-

exposed by X- nexion Fig. 268 shows a radiograph of an
'''^^^' aluminium piston ; the white streak in the

centre portion reveals a fracture not visible to the naked

eye.

Fio. 267,—a
badly soldered

radiator joint
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At the time of writing little Avork has been done on the

examination of motor cylinder cast

ings, but it is probable that this

method of inspection will prove most

valuable and rapid for testing un-

machined cylinder blocks, so that

uneven wall thicknesses, including

bubbles, and other defects may be

recognized.

Fig. 269 is an outside photographic

view of an aluminium 6-cylinder

block casting, whilst Fig. 270 gives a

radiograph of a section of the same
casting taken over one of the barrels ; the original

Fig. 268.—a defect ii

an aluminium piston.

-aaaB5g»»>..--^;^%8^;a»,..~"''^siJg8?a8'^

% a:®:®:•:•:•
Fig. 269.—An ordinary photographic view of an engine casting.

showed the position of

spaces, and an even dis-

tribution of metal at this

portion.

An interesting example

of the use of the method
for detecting faults in en-

closed electric circuits is

shown in Fig. 271, which

is a radiograi^h of a piece

of an airman's electric-

ally-heated suit ; it shows

a fuse in the wire at X.
The X-ray method A¥as

used following the War

the core-wires in the water

Fig. 270.—A sectional X-ray view of
the engine casting shoum above.

by the Aircraft Inspection
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Fio. 271.—An X-ray print

of the wires in electrically

heated clotli.

Directorates for examining timber and finished wooden
components. In this work visual observation is possible,

although at present not eni-

ploj^ed, as the softer rays can be

used, the equivalent spark gaps

being from 1 to 2 ins., with a

tube current of 10 to 15 mm.
Defects such as spiral grain,

hidden knots, compression
shapes, incipient decay, grub-

holes, and resin-ducts can be

detected.

The efficiency of the glue in

ply-woods is also capable of examination. Fig. 272 shows

a radiograph of the end of a hollow box-strut ; the

internal strengthening block

was badly fitted, and both

of the end-screws had split

the block ; the general

result revealed poor work-

manship.*****
[Figs. 264, 265, 266, 267,

269, and 270 are radiographs made by the Cox-Cavendish

Company, Harlesden, ivhilst those shoivn in Figs. 268 and

271 are due to Messrs. Watson & Son, of Kingsway.]

FiCi. 272.—An X-ray view of a

hollow box-strut used in aeroplane

construction.

33



CHAPTER XXVI

TYRE REPAIRING BY VULCANIZATION

The scientific repair of motor tubes and covers necessi-

tates a return to the original manufacturing process of

vulcanizing, restricted commonly to the area of the

actual damage, and with modifications suited to the

changed conditions under which it is applied. The

methods employed involve the removal of the damaged

parts, their replacements by raw plastic rubber, the con-

version of this to the elastic state, and its amalgamation

with the surrounding material.

These methods are employed both in the case of all-

rubber repairs, and in the repair of the rubber-impregnated

canvas of which the cover foundation is built, the result

being that the original strength of the damaged section

is restored entirely where rubber repairs only are con-

cerned, and restored approximately when injury to the

canvas has also to be reckoned with. It will be fairly

obvious that when canvas fibres are once broken they

cannot be knit together in the body of the tyre, but must
be linked up and reinforced by the most practicable pro-

cess available.

The subject of tyre repairing by vulcanization falls

naturally into two parts. One deals with appliances and
the other with methods, tube repairs and cover repairs

forming two separate divisions under the latter head. It

is not intended to deal in this article with the subject of

retreading, which is of a strictly technical nature, and
which, to be described usefully, would take more space

than can be allotted. The object is to present, as briefly

and clearly as possible, the characteristics of what is now,
from the name of its inventors, known as the Harvey Frost

514
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Vulcanizing Process, and to describe tlie actual operations

entailed in sufficient detail to enable the reader to under-

stand their bearing upon results.

A vulcanizer for the repair of motor tyres consists

essentially of an appliance for conveying heat to the part

which has to be dealt with. It may be either a pan, to

contain one or more complete tyres, or a press or com-

bination of presses for applying heat locally at selected

points. The heating agent is steam, which is raised by
the use of gas, paraffin, or methylated spirit heaters.

Steam pans for treating the whole of a cover in one opera-

tion are intended principally for retreading, and although

employed also for vulcanizing extra large sectional repairs

in covers, their use need not be described in this article.

Vulcanizing presses for the local treatment of tube and

cover damage are in general use by private motorists,

commercial car owners, and trade repairers, and, in the

common acceptance of the word, this is the type of appli-

ance referred to by the word " vulcanizer."

Vulcanizers, or vulcanizing presses, are made in two

principal forms, portable and workshop. Portable vul-

canizers are small appliances for dealing with repairs of a

limited size in both tubes and covers. Within their scope

they are as efficient as the larger models, and they have

the advantage that tread cuts in covers can be vulcanized

in position on the wheel. Portable vulcanizers are intended

principally for the use of private motorists and their

chauffeurs, their regular employment being an important

factor in securing tyre economy and dependability. A
popular vulcanizer of this type is illustrated here. It is

shown in position on a mounted cover; the tube being

vulcanized is on the flat surface of the vulcanizer under-

neath the pad and pressure screw.

The body of the appliance is a steam generator, heated

by a methylated spirit burner at the bottom. The tem-

perature of the vulcanizer is indicated by the steam pres-

sure gauge fitted. It is as well to emphasize the fact that

the steam pressure itself is not made use of, but that it is
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the heat of the steam which does the actual work of vul-

canizing.

It will be seen that a vulcanizer of this kind is appUcable

to tube repairs not larger than the biggest pressure pad

that can be fitted, and to external cover repairs within

the limits of the vulcanizing surface provided. Minor

internal injuries to the canvas foundation of a cover can

be vulcanized by the employment of a steam mandrel,

Fig. 273.—Repairing a out in the surface of an outer cover and vulcanizing

an inner tube in the same operation.

which conveys heat to the inside of the dismounted tyre.

A mandrel of this kind can be fitted to the top of the

vulcanizer.

Workshop vulcanizers are designed for repairing every

kind of damage to tubes and covers, and a considerable

number of repairs can be carried out simultaneously if

necessary. As an example of this type of appliance, one

of the latest Harvey Frost vulcanizers for use in large

garages and tyre repairing workshops is illustrated (Fig. 274).

The capacity of this machine is twelve tube repairs,
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including two valve rcscatings, two tube joins, and two
cover repairs, the total of sixteen separate repairs being
vulcanized simultaneousl^^

Referring to the illustration, six of the tube presses will

be seen in line along the front of the vulcanizcr, a similar

Fig. 274.—A big capacitj' vulcanizer designed for garage and
workshop use.

series being accommodated on the opposite side of the

gable top. The ring-sjiaped appliances shown on each

side of the central flue are the " Jointlcss " joiners for

making flush or butted vulcanized joins in tubes.

At the right-hand side is shown a steam mandrel and

steam-heated pad used for effecting inside and outside

repairs to covers ; on the left-hand side is an auxiliary
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appliance for repairing the inside of covers, and particu-

larly, those damages which occur near the beads. There

are ranges of mandrels and pads to suit different sizes of

tyres.

The " Jointless " tube joiners mentioned are valuable

adjuncts which need special mention. Each joiner con-

sists of an annular steam chamber for applying heat to

the outside of the tube, and an expanding mandrel for

pressing the tube outwards against the vulcanizing sur-

face. One of the illustrations herewith shows a joiner

with tube in position ready for vulcanizing, and, although

it may not be easy to see how the tube is fitted, or how it

is removed after vulcanization, without an actual demon-

stration, the operation is simple enough in practice. It

will be readily appreciated that tube joining by vulcaniza-

tion is a big advance on the more common method of lap-

joining with solution.

Before passing on to the consideration of the processes

employed in vulcanization, a word on the materials used

and required will not be out of place. The principal of

these are rubber compound, rubber solution, better known
as flux, and prepared canvas, coated with rubber on one

or both sides and known respectively as single-proofed and
double-proofed canvas.

The time and heat required for correct vulcanization

depend upon the composition of the materials used, and
it is important that these should be in every way suitable

and their qualities be known. Quick-curing is a charac-

teristic that should invariably be sought, and, for the sake

of definiteness, the vulcanizing times mentioned in this

article are based on the use of H.F. " Plastene," a well-

known brand that is readily obtained in most civilized

countries.

It is now necessary to consider the methods employed in

the repair of tyres by vulcanization. In the first instance

the various operations performed in repairing a puncture,
nip, or small burst in a tube may be detailed. The first

operation is to make a clean, wide base for the new
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material by bevelling the edges of the damage with scissors.

This is necessary even in the case of the smallest puncture,

and it is a simple matter to nip out the damaged part, so

leaving a countersunk hole.

When a burst, as illustrated in Fig. 275, is being repaired,

the sides of the damage are pressed together

with the thumb and finger, and, after nipping

out the two ends, both sides of the burst are

bevelled. The bevel is alwaj's carried

througli the thickness of the tube so that a

wide V-shaped groove is obtained as a

uniting surface for the new rubber. After

bevelling (2), the edges are well roughened

with a rasp (3), and two coats of flux are

applied to the roughened surfaces, each coat

being allowed to dry separately (4). The
repair is now ready for filling in with the

new plastic rubber. This material is cut

into strips, pressed against the bevelled edges

with a riffler rasp, and followed up by suc-

cessive laj'crs of material until the new
material is slightly above the level of the

surrounding rublDer (5). Care is taken, when
filling in, to prevent the imprisonment of air,

otherwise the finished repair would be porous

and spongy. The final operations include

rolling the plastic rubber with a V-shaped

roller, and trimming off (6).

If the tube is of the usual red colour and

a particularly neat finish is required, the

repair is cleaned with mineral naphtha or

benzol, and given t^vo coats of a red-coloured

vulcanizing paint, which may be obtained for this special

purpose. The damaged part having ))ecn prepared and

filled in, a piece of gas absorbent cloth, lightly dusted

with chalk, is placed over the repair, a pressure pad of the

correct size is applied to the tube on the opposite side,

and the whole is placed in position on the vulcanizer, the

Fig. 275.—
Stages in a

simplevuloan-

ization repair.
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gas cloth being on the heated surface of the apphance,

with the pressure pad secured on top by means of the

pressure screw provided.

With the steam pressure gauge of the vulcanizer read-

ing 45 lbs. the work is left on the apphance from seven to

thirteen minutes, according to the thickness of the tube,

and, on being removed, the finished repair will be as

strong and elastic as the original rubber of which the tube

is made, providing every operation has been correctly

carried out. When a piece of tube has been torn away,

as in the case of the small blow-out illustrated in Fig. 276,

the methods outlined above are followed, except that the

fault is filled in with a piece of rubber of the same size

Fig. 276.—Repairing a more complicated burst bj' the vulcanizing process.

and thickness as the tube under repair, and the new
material is vulcanized between it and the surrounding

rubber.

It will be seen on reference to the illustration that both

the damage and the rubber inset are bevelled, making a

broad, wedge-shaped groove all round between the tube

and the new piece of rubber, with a narrow space at the

bottom of the groove. This method of repair is adopted

whenever the piece of rubber torn out is larger than a

sixpenny piece.

Tube joining lias a double purpose. It is used as an
alternative for the lapped and solutioned join wheii the

latter causes trouble, and it is further employed in the

repair of badlj' iDurst tubes which can only be restored

by replacing the damaged areas with entirely new sections.
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In a vulcanized flush join the two ends of the tube are

not merely fastened together ; thej^ are merged into

each other, and the tube becomes, in effect, jointless.

To carry out this operation both ends of the tube are

bevelled and fitted to the expanding mandrel of the

joiner, the ends being butted together and making a

V-shaped groove round the circumference of the tube.

The usual stages of preparation are gone through. The
bevelled ends are roughened, coated with flux, and filled

in with plastic rubber, the join is wrapped with a piece of

Fig. 277.—A " joiner " device ppeoially designed for vvJeanizing inner

tubes.

wet cloth, and the whole repair inserted in the joiner

mould, or steam-heated ring, by means of which heat is

conveyed to the new material.

The complete joiner, fitted up as shown in Fig. 277, is

attached to the vuleanizer, and is left in position from

nine to thirteen minutes according to the thickness of the

tube, with the steam pressure at 45 lbs. When joining

a tube or inserting a new section great care is taken

to make the finished tube the correct length ; careful

measurements are made to ensure this.

The usual method of fixing a valve to a tube is to attach
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it to a loose tab, which is solutioned in position. This

type of stuck-on valve tab is very liable to work loose

and cause trouble, hence the method of valve reseating

introduced by Harvey Frost is of such importance that

mention of it cannot well be omitted from any work

dealing with vulcanized repairs.

The old seating is first removed, the hole left in the

tube being repaired in the same way as an ordinary

burst. A suitable position on the inside circumference of

the tube is selected, and a place marked out with the aid

of a special oval template for the new seating. A small

hole is cut in the centre of this space, which is then

roughened and coated with flux, and the neck of the

valve stem is pushed through. Two pieces of plastic

rubber sheet, and two of special fine double-proofed canvas

of particular sizes and shapes are prepared, two diamond-

shaped pieces of canvas being fitted over the valve stem

next the tube ; one diamond and one oval of rubber are

placed on top, with the oval uppermost. After pressing

the new rubber well down under the shoulder of the valve

stem the whole seating is rolled in position, red colouring

paint is applied, and the prepared part is ready for vul-

canizing. A special recess is provided on the vulcanizers

for acconmiodating the valve stem. The repair is left

in position for twelve minutes.

Attention must now be given to the methods employed

in the repair of covers, surface cuts being dealt with first.

These are usually deeper than is at first apparent, and the

whole of the damaged rubber is removed by cutting it

out on a broad bevel extending all round the injured area.

The various stages through which the repair passes are

as shown in Fig. 275. The damage is cut out (2), roughened

(3), fluxed (4), filled in with new rubber (5), rolled and
trimmed (6), and finally vulcanized, the finished repair

being shown at (7).

The actual vulcanizing is done with a portable vul-

canizer, steam pad, or the auxiliary appliance mentioned

in the description of the H.F. workshop vulcanizers, the
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time required being from fifteen to twenty-five minutes

according to the depth, not the area, of tlie repair.

In making repairs to the tread of a tyre, and indeed in

every kind of vulcanized repair, it is essential that close

and intimate contact be secured between the vulcanizing

surface and the part under treatment ; it is sometimes

necessary to vise special adapters or lead packing to ensure

this.

The most satisfactory n\etht)d of repairing covers with

Fig. 278.—A moulding pad for use in repairing covers which liave a pro-

nounced pattern.

recessed non-skid treads, or steel studs, is t(5 make a

mould of the tread with a special movilding material

known as " Metalzene," using this as a pad between the

repair and the vulcanizer. A mould of this kind is illus-

trated in Fig. 278.

An alternative method is to place lead packing between

the grooves where the new material has been filled in,

tying this in position with tape. In the case of steel

studded tyres the lead is cut to fit between the sound

studs, and is thick enough to bring the \'uleanizing
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surface in contact with the lead packing. The essential

point is that intimate pressure contact should exist between

the packing and the part under repair.

The treatment of canvas damages in burst covers must

now be considered. Comparatively trifling injuries other

than bursts, such as nail holes, may be repaired by filling

in the damage, after preparation, from both inside and

out, and vulcanizing a small canvas patch on the inside.

The correct method of dealing with any kind of burst,

however, is to " step-out " the canvas laj'crs on the inside

Fig. 279.— Preparing the canvas for a repair to the inside of a cover.

of the easing around the damage, and to replace the
material that has been remoA'cd by new can\'as, which is

vulcanized in place.

The methods adopted in carrying through a stepped-
out repair are as follow. The tread damage is first pre-

pared, but not filled in. The tyre is then reversed, either

entirely, or partly, using cover reversers as shown in place in

Fig. 279. This illustration shows a burst in the centre
of the cover, the canvas steps being clearly indicated.
The size of the first layer of canvas to be removed is

determined by the extent of the damage and the number of
layers of canvas in the tyre, exclusive of the tread canvas.
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In deciding the size of the first layer to be removed,

the object is to provide for steps as wide as possible so

that the new canvas inserted has a firm uniting base in

each layer that is stepped-out. After the removal of the

various layers of canvas down to the last layer, which is

not cut, the whole place is scraped and given three or

four coats of flux. The cover is next tvirned back into its

normal position, and layers of new double-proofed canvas

are fitted into the recesses in the stepped-out area, one for

each layer, an additional piece being provided large enough

to place over the whole repair. Each new layer is well

rolled in position before the next is applied, so that all air

bubbles are excluded, and every care is taken to make
each new canvas an exact fit in the sjDace it has to fill.

The repair is now ready for vulcanizing, and the pre-

pared part of the cover is tightly bound on a steam mandrel

in such a way that it is in close pressure contact with the

heated surface. If the surface damage is situated near

the centre of the tread it may be filled in before the cover

is bound to the mandrel, and vidcanized with the steam-

heated pad at the same time as the canvas repair.

Often it is found more convenient to vulcanize the

surface damage separately, on the auxihary appliance

previously referred to. The time required for vulcaniz-

ing if Plastene canvas is used, with a steam pressure of

45 lbs., is twenty minutes for three layers of canvas, twenty-

five minutes for five layers, and so on, pro rata.

The methods detailed are applicable with variations

and adaptations to every class of injury to motor tubes

and covers, and, although the condition of the tyre must

be taken into account when judging the amount of work

which can be profitably expended on repairing it, there

can be no two opinions about the efficiency of any vul-

canized repair that has been judiciously undertaken and

properly carried out. There can be no two opinions about

the value of vulcanizing tyres for repair purposes. All

other methods are unscientific stop-gaps at best, and

althougli with luck a patched inner tube may stand up
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in service for thousands of miles, there is always a risk of

trouble developing. As to repairing and patching outer

covers, not one job in ten is successful. There is no satis-

factory method of repairing a burst or gashed steel-studded

or grooved rubber tread other than by vulcanizing, and

it has not been unknown for motorists ignorant of the

vulcanizing process to scrap new covers with which

misfortune has been experienced in the first few miles of

running.

As the foregoing shows, there is nothing mysterious

about the vulcanizing process. It is cheap, simple, and

effective, and although the more complicated repairs call

for a certain amount of skill and experience, the ordinary

car owner of average intelligence can, by following instruc-

tions, effect simple and straightforward repairs without

difficulty.



CHAPTER XXVII

BODY-WORK

It is, or it was until recently, fashionable among motor
engineers and motorists to give but little consideration

to motor coachbuilding, despite the fact that body-work
is a factor of prime importance in the comfort of a motor
vehicle. Why the body-work receives so little attention

is not difficult to see. The chassis or mechanical con-

stituents of a car as a whole are certainly of greater interest.

The chassis is made of units ; whereas the body is, or

should be, a simple piece, all by itself. Notwithstanding
this, short of absolute refusal of the engine to work, or

some serious breakdown of the transmission or suspension,

no part of a car bears so directly upon its user's comfort

and service as does its body-work.

In the beginning, cars had no recognisable body-work
at all. A seat of sorts, attached to the chassis, served its

purpose ; naturally some were more elaborate than

others, but the men who first used cars were so obsessed

by their novelty that the mere fact that they would travel

at all was sufficient for them to think about, and any
contraption upon which they could maintain their positions

while driving was good enough.

But as cars became more and more trustworthy, man's

innate desire for luxury asserted itself, and the motor car

body began to take shape. At first it was of fearsome

outline. When coachbuilders first found their clients, to

whom they had sold horse-drawn carriages for generations,

manifesting interest in motor cars, they immediately began

to see how coachwork could be piled upon the motor

chassis. They did not spare themselves in the process.

Thus it was that the first bodies built by any but chassis

527
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manufacturers approximated very closely the lines or

general design of horse-drawn vehicles. The victoria, the

landau, the brougham, the two-seated dogcart, the four-

seated phaeton, the four-seated brake or wagonette, were

all laid under tribute. For some years the representative

motor car was made by the coachbuilder, who sold it with

body-work as similar as possible to that of a horsed vehicle.

In those early days, nearly all cars had rear wheels

from one-and-a-half times to twice the diameter of the

fore wheels. This accentuated their similarity to horse-

drawn vehicles, and added nothing to their beauty. As

coachmen or gentleman-whips had always sat bolt up-

right, this was considered the proper pose for the car

driver. His seat was as elevated as possible, with elbow

and knee-room reduced to a minimum.
Of protection against the elements there was none.

Wind shields and hoods were unknown refinements,

although the larger, many-seated cars were provided with

canvas and, later, timber canopies above the heads of the

passengers. The driver's seat, however, remained high

and uncomfortable. On small two-seated cars, the driver

and his companion sat side-by-side. In the case of four-

seaters the passengers usually sat on a bench facing that

of the driver and his companion, thereby interrupting a

clear view of the road ahead.

Then came a considerable advance with the introduc-

tion of what was called the tonneau body. Although so

called, it could best be described as tub-like ; to all

intents and purposes the rear part of the tonneau body
resembled that of the governess pony-car of to-day, with

the seats either along the two sides or at the back. The
entrance to the tonneau was always from the rear ; if a

hood was fitted it was necessary to lift it up before using

the rear entrance. The tonneau had its day, and was
then supplanted by the side-entrance phaeton, which was
a four or five-seated body, accommodating two people

upon the driving or front seat, and two or three more in

the rear. The rear portion of this body was entered
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Fig. 280 —Three very early attempts by the WolseleyiCompany at the

" horseless carriage." Note how closely carriage practice was followed

in the top picture. All the cars are chain driven.
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through doors in its side, immediately behind the driving

seat. This was a great advance, and for a season or two

advertisers of cars enthusiastically announced that they

were now furnishing to their patrons " side-entrance

phaeton " bodies. These contraptions were still being

" boomed " in 1904, and were even called side-entrance

bodies so late as 1908, although by that time the younger

or newer generation of motorists might well have been

excused for not knowing that there had ever been such

a thing as a back-entrance body.

Wind shields had become general, with a consequent

slump in the once popular goggles and sheepskin, pony-

skin, or malodorous leather garments, but chauffeurs still

very commonly affect leather jackets and breeches. How
some of the early motorists survived their initiation to

automobilism, why they never succumbed to complica-

tions of peritonitis and pneumonia, it is hard to say. They
probably combined the enthusiasm and stamina of true

pioneers, for no sooner had the side-entrance doors been

taken for granted, than a new development arose, which

was called the torpedo body. This proved to be the old

side-entrance phaeton deprived of its corners. Whereas
the older body had a very bluff, square-bowed appearance,

the torpedo approached a stream-line effect, or the plan

outline of a boat. It never very closely resembled a

torpedo ; it was certainly more like a torpedo than the

early motor bodies ; but it was called a torpedo, how-
ever, and motorists hailed it with delight. The old cata-

logues, even those of 1909, show that a decade ago the

torpedo was still sufficiently new to merit special illustra-

tion and an inflated price.

With the introduction of stream-Hne coachwork de-

velopment has been by very fine gradations. A really

advanced torpedo of ten years ago, as it was first intro-

duced into England, strangely resembles a four or five-

seated standard touring body of to-day. It is a little

difficult to predict the probable line of progress, at least

in the matter of open coachwork.



Fig. 281.— Gradual development of coaehwork in the early part of the

century.
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Side by side with an improvement in the hne of eoaeh-

work came other improvements in chassis hne. Whereas

the early radiators were flat and blunt, of moderate height

and great width, designers saw that they did not harmonize

very well with the fish-shaped coachwork. Hence radiators

became narrower from side to side, and deeper from top

to bottom. The important point was to see that they

still had the same superficial area for cooling purposes.

Bonnets, also, began to slope downward from dash to

radiator.

At last, in fact, cars began to resemble torpedoes, sharp-

pointed forward, with the idea of cutting through the

air with the least possible resistance, and rounded or

pointed at their stern- ends to overcome skin friction.

The more a car in general plan outline resembled a cigar

with its more pointed end forward, the less resistance

the air offered to its progress, and the " smarter " it

was considered. The fashion of any period in the past

ten years is equally the fashion in 1921.

It must not be thought from this, however, that the

coachbuilder is barren of ideas. When the open touring

body became more or less standardized, the designer

turned his attention to coachwork which adapted itself to

all climatic conditions ; in the winter it could be readily

closed to serve as a landaulet, while in fine weather it

took on the appearance of an open touring car. The first

convertible body in general use was the landaulet, to all

intents a brougham with a folding leather hood over

the rear, introduced into England about 1904, when the

Panhard firm brought it over on their new 8-11 h.p. three-

cylindered chassis. Certainly there were landaulets before

1904, but they were mostly the products of continental

coachbuilders, and had by no means become popular.

The Panhard, commonly sold with landaulet coachwork,

was so handy and useful a car, adopted for use either open

or closed, that English coachbuilders soon adopted the

design, and the single landaulet, that is, the landaulet

with side-lights only above the doors themselves, was



Pig. 282.—Coachwork contrasts of the period 1907-9.
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standardized. Later came the three-quarter landaulet

which, in addition to the side-hghts above the doors, also

had smaller side-lights just in the rear of the doors. This

provision made it a better lighted car internally altogether.

Simultaneously with the first landaulets came the first

limousines, which consisted of enclosed bodies with rather

heavy upper framework built permanently into the struc-

ture designed. These were to seat either two, four, or

more inside passengers, in addition to providing accom-

modation for two people on the driving seat. Incidentally,

it should be mentioned that in all the early closed bodies

scant consideration was shown for the driver. Some of

them afforded the protection of a wind shield, but a con-

siderable time elapsed before any overhead shelter was
provided. Landaulets, as a rule, were catalogued and
built with or without the canopy over driving seat.

Just as motorists were becoming accustomed to lan-

daulets and limousines, a demand arose for a convertible,

that is, open or closed body, to suit the owner-driver, who
desired to drive himself without being mistaken for his

servant. Several firms, with more or less justice, claim

to have originated the cabriolet conduit interieur, as

the new type was called. It may have been originally

designed by any or all of them. Anyhow, there arose

an owner-driver's body, completely closed, or almost com-
pletely open at will. There is no body type which more
thoroughly conforms to the requirements of both open
and closed work, unless it be the limousine with a detach-
able top, to be hfted on to an open touring body. The
objection to this detachable limousine top is that it cannot
be manipulated into or out of place on the ear by one
person. The thing is practicable, but very difficult. For
this reason the coupe cabriolet may justifiably be regarded
as the best available compromise.

People wJio can afford two ears will probably continue
indefinitely to run two ; one open and the other of the
closed type. There is not even a coupe cabriolet which
resembles, much less actually is, a really open car when



Fig. 283.— The midtUe stage of motor car coachwork, tlie years 1910-12.
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the top part is folded down. There are folding front

pillars ; but they are both heavy and unsightly, and even

in the best of these bodies it is plain to see that it is con-

vertible. This is a small matter, of course. The owner

buys and uses cars for his own satisfaction. The hard

fact is, nevertheless, that we have yet to see the ideal

fine-day or wet-night convertible body, failing the tour-

ing body on to which a detachable limousine top can be

Hfted.

Looking at old pictures, the student may well feel that

in coachwork there has been very little progress since,

say, 1912. As to externals, the feehng may be well

founded. It is necessary to examine the inside of car

bodies to perceive the many detailed advances. Nearly

every type of body has been evolved to further the com-

fort and convenience of the owner-driver. Incidentally,

for a good many years American manufacturers set British

bodybuilders a lead. They were the first to give their

clients rug rails, map drawers, foot rests, tool boxes con-

cealed in foot rests, and so forth, as standard practice.

The presence of these fittings on American cars created a

demand for them on British cars, a demand which was
tardily supplied.

The refinements and convenience of the high-class body
of to-day are surprisingly complete. The owner can write

his letters, eat, wash, sleep, play cards, do almost any-

thing, in either an open or closed car, if he is willing to

pay the price of such facilities. Ten years ago wind
shield, hood, and luggage grid were all extras, for which
the owner had to pay. Even to-day many firms do not

fit a luggage grid as a part of their standard equipment.

This is strange, but what would the car-buyer of 1921

say if he Avere asked if he wanted side and tail lamps,

horn, and number-plates ? Ten years ago even these

were extras.

As bodybuilding progressed, coachbuilders were gradu-
ally weaned from their conviction that it was necessary

to put as much timber as possible into their products.
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The chassis builder gradually had his say, which was to
the eflect tliat a m<rtor car was essentially an engineering

Fig. 284.—WoLseley practice during the period immediately prior to the war.

production, and as such must consist as largely as possible

of metal. Thus the wooden panels and quarters gave
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place to panels and quarters made of sheet-steel or alu-

minium, a departure which obviously facilitated more

artistic treatment of details hke dash-scuttles and rear

parts at a given cost. To-day an all-timber body is quite

a rarity. This is so, however, largely because chassis

manufacturers, outside the old-school coachbuilders,

erected their own bodybuilding plants. They had to

enlist bodybuilders to run them, men recruited from the

coachbuilder's staff. But when the new scheme was

initiated these men were told in precise detail what they

were to do. Thus, gradually, the body- work of a car

developed into something designed by people who had

some knowledge of motoring conditions and the details

that make for the motorist's comfort and convenience on

the road.

The result is that the motorist who pays a fair price for

a car to-day has the right to expect very satisfactory

body-work. In most cases, he gets it. Obviously, in this

as in all other matters, value commands price. A matter

of £50 will make all the difference between a really good body
and one which is only good enough to satisfy the builder.

The cheap body will warp and strain, the doors will jamb,

and the panels will open at the joins as the wood shrinks

in drying. A car's body-work is submitted to astounding

strains and stresses, particularly if the frame on which it

is mounted is not perfectly rigid, and if the springs between
frame and axles are not thoroughly up to their work.

This, however, merely means that buyers must be pre-

pared to paj' a fair price for coachwork.

As £50 is a vcrj^ small moiety of the price of any but a
two-seated liglit ear in 1921, anybody who skimps the

price paid for coachwork and buys a car at £450 instead

of one at £500, the chassis in either case being equally

costly, has only himself to thank if he finds that coach-
work, like anything else, is apt to be more or less satis-

factory according to its cost.

From the rough planks in the timber merchant's yard
to the well-appointed carriage body is a far cry, and much



Fig. 2S5.— Rolls-Royce body-work: top, limousine, 1912; centre,

toviring car, 1920; bottom, landaulet, 1912.
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skilled craftsmanship is employed in the process. Ash,

being light, strong, durable, and close grained, is the timber

most favoured in the making of the framework. When
properly seasoned it takes paint well, on account of its

close grain.

The question of sufficient seasoning is of particular

importance ; open joints, ill-fitting doors, and peehng

paint soon draw attention to improperly seasoned material.

In this country,, prior to the war, practically all the timber

used in carriage building was naturally seasoned. The

timber, cut into boards usually of 1, 2, or 3 ins. in thick-

ness, was piled in layers, one above the other, with sticks

between each layer. By this means air could reach every

part of each board.

The period of seasoning varied according to the thick-

ness of the boards, and was usually calculated as a year

for each inch of thickness ; thus a 3-in. board would

require three years to season. The stocks of naturally

seasoned timber were exhausted during the war and now
most firms are, perforce, dependent upon artificially

seasoned timber, mainly of American origin.

The adherents of naturally and artificially seasoned

timber are fairly evenly divided in this country. Artificial

seasoning, by means of specially constructed kilns, has

long been employed in America and, under war conditions,

was resorted to here, seasoning kilns being erected iii a

large number of centres. Kiln- dried timber can be brought

into usable condition much more rapidly than is possible

by any natural means, but for carriage building purposes

kiln- dried timber should be avoided as far as possible.

Seasoning apart, there is little to choose between home
grown and American ash. The English ash is a slower

growing tree than the American specimen, and, as a con-

sequence, it yields a harder timber. On the other hand,

the more rapid growth of the American, or States ash, as

it is known to the trade, conduces to the formation of

straighter grained timber. In colour the two timbers are

practically identical, both being nearly white, in striking
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J'lO. 286.—Body-work of 1914-15. Note tlie disappearance of curved

mouldings.
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contrast to the inferior brown Quebec ash, a spongy,

brittle timber, which is imported in considerable quantity.

Other timbers which go to the making of a high-class

motor body are mahogany, walnut, and bass wood.

Mahogany is used in the making of doors, and of other

approximately flat panels. The word " mahogany " is used

somewhat loosely in the timber trade, for many timbers

bearing no sort of relationship to the mahogany, as under-

pin. 287.—Comfort, lightness, and roominess as exemplified by the Vaux-
hall-Kington touring car, 1920.

stood by scientists, do duty for this timber. Walnut is

used for glass frames and bass wood for floor boards and
parts where strength is not essential. At the present

time 3-ply wood, imported from America and Russia, is

used extensively for lining up the insides of bodies. It

possesses the merit of being exceedingly strong and, at the

same time, light.

Prior to the actual making of the carriage body, full-

sized working drawings are prepared. These usually con-
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sist of a side elevation, showing the general design, a half

plan, showing the side sweep and necessary widths, half

Fig. 288.—A fine specimen of all-enelosed coaehwork on the 1920 six-

C3']indered Lanchester chassis.

hack and half front views, showing the turn-unders or

the shajjc from top to bottom. The bodj'builder, or

Fia. 289,—The front view of the all-enclosed 1920 Lanchester ear.

woodworker, takes his wooden patterns from the draw-

ings, by placing them over the wood and pricking through
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the lines, afterwards cutting the wooden patterns to shape

and cleaning in. A cant board is also prepared, shownig

the thickness of the timber required in closed bodies and

boxing out for window frames.

The work is now transferred to the milling department,

where the requisite thicknesses of timber are got out. As

in all modern works, there is a tendency to replace manual

labour by machinery. There are few industries, however,

in which the human element still plays so important a

part as in carriage building. The fitting of joints, fram-

ing up, and cleaning in can only he done by hand. An
up-to-date carriage builder's mill will certainly house a

vertical spindle, for boxing out or making grooves ; a

circular saw for cutting the planks into lengths ; a band

saw for cutting the timber into various shapes, and a

planing machine for gauging timber to the required thick-

ness. Morticing and tenoning machines also frequently

find a place in the mill.

From the milling department the embryo body passes

into the hands of the panel beaters, who cover certain of

the panels with sheet steel or aluminium, hammered to

the required shape. The use of metal-covered panels

must not be carried to excess, particularly in enclosed

bodies. At certain engine speeds the all-metal roof sets

up serious drumming, a state of affairs which may be

remedied by using ply-wood for the slightly curved parts

of the roof and hammered metal only over the back,

where there is too much shape for ply-wood. The body,

panelled up and fitted with windows, is now mounted
upon the chassis, being insulated therefrom by cork strips

or rubber.

Despite the large amount of labour which has already

been expended upon the coachwork, it is still far from
completion. The partly built body passes in turn through
the hands of smiths, who forge all the ironwork, including

stays for the mud guards. Vicemen fit all joints and
clean up the ironwork when it comes from the smiths.

Flat sheet metal workers make the mud guards and inside



Fjg. 290.—Modern coachwork by Barker on Rolls-Royce chassis.
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shields. Wood and metal screens are provided by the

wind screen makers. The polishing and plating depart-

ments provide all the nickel and brass plating for wind

screen and other fittings.

Cupboards, trays, and instrument boards are fitted by

Fig. 291.—a pre-war attempt at a dual purpose body on a BoEs-Royce
chassis.

cabinet makers. All the parts, made and finished in the
various departments, are then reassembled and put to-
gether by the coachfitters or finishers. French-polishers
work upon all the natural wood portions of the body.
Upholsterers attend to the material comfort of the user,
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whilst painters and varnisliers work upon the otherwise

completed body.

The question of supplies is ol' the greatest importanee,

seeing that most of the material used in carriage building

comes from abroad. Ply-wood and most of the timber

is of foreign origin. Cattle hides for upholstery are im-

ported in the raw state from South America ; from the

same country nrost of the horsehair is derived, and before

Fig. 292.—Resplendent interior work in a limousine body on a Rolls-

Royce chassis.

it is fit for use by tlie carriage builder it requires to be

sorted, sterilized, curled, and baked. Glass used in car-

riage building is usually either i\ in. or i in. in thickness

and, in pre-war days, was largely imported from Belgium.

At the present time, glass of English, Belgian, or French

manufacture is used. The first named, however, is very

difficult to obtain in the necessary thickness, and has

increased in price by 250 per cent. ; the last named is the

best of all, for the reason that it is perfectly white, whereas



548 MODERN MOTOR CAR PRACTICE

English glass viewed edgeways is usually green and

Belgian glass is grey. The supply of -i\ in. pohshed

plate glass is in the hands of a monopoly unable, appar-

ently, to meet the demand. Various deviees have been

employed with a view to obviating the use of ordinary

plate glass, always a source of danger in the event of an

accident. Wire-woven glass enjoyed a measure of popu-

larity some years ago, but it was unsightly, and, in the

sunshine, light rays reflected from the wires proved dis-

concerting. " Triplex," composed of sheet celluloid sand-

wiched between two sheets of thin glass, offers a satisfactory

solution of the difficulty, and, should anything untoward

occur to wind screen or windows, there is no danger of the

glass splintering. The only essential materials used in

carriage building which are purely of British origin, are

metal fittings, including bar-iron and steel from the Mid-

lands, and cloth for upholstery from Yorkshire.

There are few departments in a motor carriage works

more important than the stores, which contain the hundred

and one parts which go to the making of the finished

article. System is essential in the stores, and this is

ensured by means of stock cards, placed in the spaces

allotted to the various parts. On the cards additions to

stock are noted and also requisitions from stock to works,

so that at any moment each card shows the number of

parts or the quantity of material in hand.

In addition to the notes on the stock cards, correspond-

ing entries are made in a stores ledger in the buying

department, therefore this department is always fully

cognizant of the amount of stock in hand and of the

necessity for replacement. Goods bought by weight are

cheeked on receipt, as also are the measurements of tex-

tiles. Hides are bought by the square foot, and, owing to

their irregular outlines, the method of calculating their

superficial area is interesting. An ingenious instrument

known as an areameter is used. The areameter is pro-

vided with a pointer which is run round the margin of

any surface whose area it is desired to measure, and



FiQ. 293.—Magnificent ooachwork on a 1914 enclosed car.

Fig. 294,—A folding .seat which can- be hidden from view

in the floor-boards.
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readings are taken from a self-registering wheel ; by run-

ning the pointer along the indented margin of a hide, its

Fig. 295.—A representative stream-lined car, of the " mass
production " tj^pe, of 1920.

superficial area may be read off to the smallest fraction

of a foot.

Prime costing the work as it passes through the various

Fic. 290.—A l)eaiiti£ul s]iecimen of all--iveather~coacliwork

on a Daimler chassis.

departments is another matter which requires careful

consideration. The system varies in different works, but,
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even in its simplest form, it entails a considerable amount
of detail work. Every car, whether received for repairs

or for the fitting of a new body, is given a number. Each
man, also, is provided with a time sheet, containing a

space for every working day. While the car is in the

works, the time and materials used upon it are booked

to its allotted number on the time sheets and on the

requisition orders at the stores. These particulars are

Fig. 297.—The driving controls and dashboard of a modern higli-po'n'er car.

entered weekly in the prime cost ledgers, and the men
are paid on an hourly basis. In addition, there are over-

head charges for staff salaries, rent, rates, taxes, insurance,

and general outgoings, all of which must be taken into

consideration. The present day working week of forty-

seven hours, and a wages increase of considerably over

100 per cent., compared with a pre-war working week

averaging fifty-four hours, are important factors in the

increased cost of motor carriage building.
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There are few who will cavil at the statement that the

finest motor carriage bodies are built in Great Britam.

The most popular type of body at the present time is the

cabriolet, a body that can be used entirely open or entirely

closed. On the Continent and in America the cabriolet

is rarely seen. Continental cars are, for the most part,

totally enclosed, and they at least possess the merit of

greater rigidity and fewer working parts, with a conse-

quent reduced liabihty to rattle when travelling at high

speeds on indifferent roads. In America, every thought

Fig. 298.—A fine Wolseley oar built for an Indian prince.

is given to standardization and individuality is at a

premium.

The aspirant to one of the higher posts in the carriage

building trade should acquire a practical knowledge of all

departmental work. He should begin at the beginning

and serve at least a five years' apprenticeship, spending

approximately six months in each department. This

training will provide a good, all-round knowledge of how
the work should be done, particularly as regards con-

structional details where considerable skill and individual

craftsmanship are required. Practicability and good taste

are two invaluable qualities in the motor carriage designer.

The work is not so simple as it might appear. Simplicity

of design should be the keynote, and the bizarre should bp

avoided,
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In the larger works standardization finds no place, and

individuality is cultivated. The requirements of each

customer demand individual consideration. Carriage

bodies are made for all types of chassis, to satisfy the

idiosyncrasies of various people and to comply with their,

sometimes, abnormal stature, so standardization is clearly

impossible. Practically no two motor carriage bodies are

built exactly alike, a fact which entails tlie making of

special drawings, patterns, and materials, and results in

considerably enhanced cost.



CHAPTER XXVIII

THE LAW CONCERNING MOTORS AND MOTORING

To-day, in law, a motor car is a carriage which is subject

to the special provisions of the Locomotives on Highways

Act, 1896, and the Motor Car Act, 1903.

Prior to 1896 it was a locomotive, and, as such, sub-

ject to the provisions of the Locomotive Acts which re-

stricted the maximum speed to 4 miles an hour in the

country and 2 miles an hour in urban districts, and

required a man to precede the vehicle with a red flag.

By the Locomotives on Highways Act, 1896, a motor

car which was therein described as a " light locomotive "

was deemed to be a carriage and it was rendered exempt

from certain statutory restrictions which applied to loco-

motives, but the speed was limited to a maximum of 12

miles an hour.

In the year 1903 a further Act was passed, which, while

increasing the maximum speed to 20 miles an hour, im-

posed new restrictions and obligations on the owner and

driver of a motor car. That Act is, with slight modifica-

tions, still in force in 1921, and it is proposed in the first

place to deal with the provisions of that Act. Under
this Act, the Local Government Board was given power

to make certain regulations as to the use and construction

of motor cars, and also as to the registration and licens-

ing of them ; and as it has been held by the Courts that

the Regulations made by the Local Government Board
are to be deemed to be part of the Act itself, they will

not be dealt with separately.

Therefore, as the law is to-day, the first step which
must be taken by an owner is to see that his motor car

554
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is registered with the Council of a county borough or

county.

The modus operandi for registering a motor vehicle is

to apply at a Post Office for a form which must be filled

in and submitted, together with the amount indicated

thereon for the type of vehicle, to the Clerk to the County
Council of the borough in which the vehicle is ordinarily

kept.

Under the old regulations registration and taxation

were absolutely apart, but legislation introduced on Janu-

ary 1, 1921, merged the two into one, and the payment
of the annual tax now covers registration fees.

The amount of this tax is at the rate of £1 for each

unit, or part of a unit, of horse-power, with a minimum
duty of £6. Electrically-propelled vehicles pay a fixed

annual duty of £6.

Motor cycles, including three-wheelers, which scale

more than 8 cwts. unladen, arc chargeable to duty as cars.

Otherwise the tax for a cycle up to 200 lbs. unladen is

£l 10.?., with trailer or sidecar £2 105., and exceeding 200 lbs.

but not exceeding 8 cwts. £3, or with trailer or sidecar, £4.

All three-wheelers weighing less than 8 cwts. unladen pay

£4.

On receipt of the Post Office form and the duty the

County Council will issue a licence card, on which the

registered letters and figures have been written, and this

must be carried in a waterproof holder ; in the case of

motor cycles and three-wheelers, in a conspicuous position

on the near side ; and in the case of all other vehicles,

on the near side facing towards the near side of the road,

and not less than 2 ft. 6 in. nor more than 6 ft. 6 in.

from the ground level between two parallel lines, the first

drawn ^'ertically through the rearmost part of the driving

scat or cab (or where no such fitting exists, the foot plate),

and the second drawn vertically 6 in. in front of the base

of the front glass wind screen, where fitted, or where no

such wind screen is fitted, tlirough a point 4 ft. forward

of the first line.
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Provided that in the case of a vehicle fitted with a front

glass wind screen extending across the vehicle to the

near side, the licence may be carried facing either forwards

or backwards on the near (left) lower corner of the glass

of such wind screen, or within two inches of the glass,

either in front or behind it, and so as to be visible through

the glass either from in front or from behind.

In the event of the licence being carried actually upon a

glass portion of the vehicle, and otherwise complying

with this regulation, the obligation that it should be carried

in a metal holder with a clear glass front may be dispensed

with if it is so carried as to be weather proof.

The licence card must be placed and carried so as to

be clearly visible at all times by daylight to a person

standing at the near side of the vehicle, whether such

vehicle is moving or stationary.

On receipt of the licence card, or shortly afterwards,

a booklet will be sent from the County Council to the

car owner in which are included full particulars—as

recorded on the Post Office form—of the car, and the

owner's name and address. This booklet need not be

carried on the car.

When the time comes to sell the car the booklet must be

returned to the registration authorities with a notification

stating that the car has been sold and giving the new-

owner's name and address.

The registered letters and figures which are allotted

must be shown on a rectangular plate at the front and
rear of the car, and that at the rear must be clearly illumi-

nated at night. The ground of these plates must be
black and the letters and figures white. All letters and
figures must be three and a half inches high, every part of

every letter and figure must be five- eighths of an inch
broad, and the total width of the space occupied by every
letter or figure (excepting only the figure 1) must be two
and a half inches. There must be a space of half an inch
between each letter or figure.

In the case of motor cycles and three-wheelers weighing
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less than 3 cwts. unladen, these dimensions may be
halved.

The law requires that these identification plates shall

not be obseurcd or allowed to become not easily dis-

tinguishable. It is therefore essential that they shall be
placed in such positions that they will not become ob-

scured with mud when the roads are wet. Occasionally

there are police prosecutions for dirty number-plates ; and
although there is a provision in the Act that a person

shall not be convicted if he proves that he has taken all

steps reasonably practicable to prevent the mark being

obscured, it has been held to be no defence for a driver

to say that although his mark was clear when he started

out it had become obscured by muddy roads, if it is

shown that the plates are fixed in such a position that

they were bound to become covered with mud by reason

of their position.

The next step to be taken is to see that the driver

has a driver's licence. This must be obtained from the

Council of the countj^ borough or county in which the

driver resides. The fee for a driver's licence is 55., irres-

pective of whether it is for a motor car or a motor cycle.

It is an offence to employ a driver who is not licensed,

and it therefore behoves owners to see that their drivers'

licences are renewed in due course, otherwise the owner

as well as the driver is liable to conviction.

Having dealt with these preliminary formalities, the

motor car owner and driver must bear in mind several

other legal points when using his vehicle on the high-

way. Perhaps the first should be the equipment of the

car. Presumably the makers of the vehicle are familiar

with the requirements of the Use and Construction Order,

and have fitted the two independent brakes which the

law requires, together with the necessary number of

lamps. The point, however, for the owner and driver to

be familiar with is how many of the lamps the law re-

quires him to use, and if there are any which it forbids

him from using. Although there were certain restrictions
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on the use of lights during the War, the restrictions were

all removed in 1920, and it is onlj^ necessary to consider

what lamps must be used. Firstly, there must be two

white lights showing to the front, indicating the full

overall width of the car, secondly there must be a red

light at the offside of the rear of the car, and thirdly

there must be a light which illuminates every letter and

figure on the identification mark fixed at the rear of the

car.

All these lamps must be alight at any time when the

car is on a road to which the pubhc have access between

half-an-hour after sunset and half-an-hour before sunrise.

The question of fresh legislation dealing with lights on

motor cars was considered by the Minister of Transport

in 1920, and a Departmental Committee appointed by

him. This Committee had been engaged in taking evi-

dence, on the strength of which was issued an interim

report. The Report recommended the continuance of the

present existing Regulations so far as motor cars are con-

cerned, with one exception, viz. that the lighting up time

from March 25 to September 29 should be between one

hour after sunset and one hour before sunrise, instead of

half-an-hour, as is the case at the present.

The Committee made no recommendation with regard

to headlights, but one of their conclusions was that great

inconvenience and frequent danger arise from the use

of headlamps showing an imnecessarily intense and wide

beam, and that it is most desirable that means should

be found to remove legitimate grounds of complaint in

this respect, while allowing ample light for safe driving

under modern traffic conditions.

Whilst it is an offence for the back number-plate not

to be illuminated, it has been held by the Courts to be a

defence if the driver can prove that he had taken all

steps reasonably practicable to prevent the lamp illuminat-

ing it from going out.

In the early days, in order to gain more power from
the engine, it was customary to turn out cars fitted with
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an open exhaust. This, however, caused so much noise

as to niake motor cars a pubHc nuisance in the streets,

and the Local Government Board accordingly issued an

order making it illegal for a motor vehicle to be used on

the roads unless it was fitted with an efficient silencer.

These are now provided by the makers, but if the driver

uses a cut-out which destroys the efficiency of the silencer,

he commits an offence for which he is liable to be con-

victed.

The next point to consider is the manner in which the

car may be driven. As already stated, the maximum
speed at which a car is allowed by law to be driven is

20 miles an hour, but this is qualified by Section 1 of the

1903 Act, which provides that in no circumstances shall

a motor car be driven at a speed or in a manner dangerous

to the public, nor shall it be driven negligently or reck-

lessly. The Court which decides whether an offence has

been committed is entitled to take into consideration all

the circumstances of the case, having regard not only to

the traffic which was in the highway at the time, but also

to the traffic which one might reasonably expect to be

there. It is therefore a question of fact in each particular

case, and against such decision of fact there is no appeal

on a point of law, but merely the right of appeal to Quarter

Sessions which is now provided by the Criminal Law
Amendment Act, 1914.

It is well to point out here, however, that although this

particular Section of the Act does entitle a Court to

assume that certain traffic might have been on the high-

way, it does not entitle them to assume that if that traffic

were there it must of necessity have been put in danger

by the manner or speed at which the motor car was

driven. This is a point upon which many benches fre-

' quently go wrong in deciding cases brought before them.

There is, however, one particular instance in which a

Court is clearly entitled to assume that traffic would have

been in danger if it had been on the highway, even

' although it were not there at the time, and that is in the
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case of a driver who goes on the wrong side of a street

refuge in the Metropolis, and other large cities where

these exist, and which are intended to divide the traffic

into two streams. It is therefore essential that drivers

should pay particular attention, and should invariably

keep on the left or near side of these refuges. The object

of this rule is that foot passengers should only be required

to look in one direction until they arrive at the refuge.

These remarks dealing with dangerous driving are of

course confined to cases which come before the Petty

Sessional Courts, who have power to inflict a penalty

under the Acts. Further consideration will be given later

on to the question of civil liabilities arising out of neg-

ligence on the part of a driver, which is an additional

consequence that should always be borne in mind and is

in no way affected by the decision of a Petty Sessional

Court as to whether there has been an offence under

Section 1 of the Act or not.

If the driver of a car is involved in an accident which

occurs to any person, whether on foot or horseback, or

in a vehicle, or to any horse or vehicle in the charge of

any person, it is the duty of the driver to stop, and, if

required, to give his name and address, and also the name
and address of the owner, and the registered mark or

number of the car. Furthermore, if the driver of a car

refuses to give his name and address, or produce his

licence to a constable who alleges that the car has been

driven dangerously, or if the car has no identification

mark, he is liable to instant arrest by the officer without

his first obtaining a warrant.

Another important provision of Section 1 of the 1903

Act is the obligation which is placed upon the owner to

give all information within his power which will lead to

the identification and apprehension of a driver who is

alleged to have driven to the danger of the public.

If the owner refuses to do this, he himself commits an

offence and is liable to be summoned.
It will be seen, therefore, that the law is very strong
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so far as dangerous driving is concerned; and where a
genuine case of dangerous driving has occurred, there

ought to be no difficulty on the part of the authorities in

obtaining a conviction. It has been stated in public on
many occasions by public authorities, when applying for

a reduced speed limit in towns and villages, that they
have experienced difficulty in obtaining convictions under
this Section of the Act, but in answer to this it can only

be said that any such difficulties have probably arisen by
reason of the fact that the person seeking to put the law
into operation is not fully familiar Avith all the weapons
which are at his disposal.

There is one section of the Act which deals with the

endorsement of driving licences which in actual experience

gives rise to more complaint on the part of motor car users

than practically any other, and of late there has been con-

siderable agitation with a view to amending the law in

this respect. According to the law at present if a penalty

is imposed upon a motor car driver for any infringement

of the provisions of the Act, or of the regulations made
under the Act, it is necessary that the Court by whom he

is convicted should endorse particulars of the conviction

upon his licence, and record the conviction with the

Council by whom the licence is issued. The only excep-

tions to this are the first and second convictions for exceed-

ing the speed limit. It is quite natural that a person

convicted of some trivial offence which is really not due

to any negligence or oversight on his part, such as a lamp

accidentally going out without the driver being aware of

it, whilst he does not mind paying the small penalty

wliich is usually imposed, much resents the besmirch-

ment of an otherwise clean licence by an endorsement for

such a petty matter. Many Courts get over the difficulty

in such cases by dismissing the summons on payment of

the Court costs, thereby avoiding the conviction with the

attendant endorsement, but on the other hand there are

many Courts which will not take this way out, and par-

ticularly is this the case with stipendiary magistrates,

36
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who consider that a penalty must be imposed even although

it be a small one. It certainly seems that there is room

for an alteration of the law here, and that a licence should

only be endorsed in the case of a serious offence where

the penalty inflicted is more than a certain amount. For

example, it might be provided that no conviction involv-

ing a penalty of less than £5 should carry with it an

endorsement.

Difficulty sometimes arises with the police where a

motorist refuses to produce that part of his hcence which

is set apart for endorsement. The question as to whether

he should do so or not is a difficult one to decide, as no

decision has been obtained except in a Court of first in-

stance. There is one point which is quite clear, and it is

a point upon which many benches go wrong, and that is,

that the production of the endorsements on a licence is

not evidence of previous convictions. Previous convictions

must, of course, be proved according to law if insisted

upon by the defendant, and although in practice it is

probably wise not to insist upon strict proof as to endorse-

ments in order to avoid further costs, it is well that

magistrates should appreciate the fact that in the absence

of an admission on the part of the defendant endorsements

on the licence are not to be treated as evidence.

There is another point which is dealt with specifically

in the Regulations made under the Motor Car Act in

respect of which there has at times been considerable

activity on the part of the police, and that is the question

of obstruction. Although under the Highways Act,

which applies to all vehicles, it is made an offence to

obstruct the highwaj?, the Legislature thought it desirable

to insert a specific clause dealing with motor cars making
it an offence for a person in charge of a motor car to allow

it to stand on the highway, so as to cause any unneces-

sary obstruction thereof. The same regulation also

makes it an offence to quit the motor car without having

taken due precautions against its being started in the

driver's absence. These regulations therefore raise the
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very nice point as to what a person is to do who is an
owner-driver, and who wishes to use his ear for shopping
purposes. In some loeahties the poliec allow a car to

stand a certain length of time, and if it remains beyond
that time they then take proceedings against the person

in charge for obstruction, whether there has or has not

been any actual obstruction, and the tendency lately has

been to convict in all cases when the bench is of opinion

that the car has been left for an unreasonable time, even
although there is no actual proof of direct obstruction.

In some towns there are recognized ranks upon which
cars can be left, but in other places these do not exist, and
it would appear desirable that there should be some new
legislation upon this point, either making it incumbent

upon the authorities in shopping areas to provide proper

ranks, or else so to amend the law as to make it impossible

for any person to be convicted without proof of actual

obstruction.

The application of the common law of the land to

accidents arising out of the driving of motor cars is inter-

esting. The general principle of law is that a person who
causes injury, by reason of negligence, is to be liable for

the results of his negligence, unless it can be shown that

the other party involved was guilty of contributory negli-

gence.

There is, unfortunately, a sense which develops in the

driving of motor cars which induces the driver to suppose

that because he happens to be driving the fastest vehicle

on the road, there is an obligation on the part of others

to get out of his way, but it is well here to emphasize the

fact that there is as much a duty on the part of the driver

of a motor car to endeavour to avoid air accident as there

is on the part of any other road user. Frequently cars

are driven round corners at a rate of sjDced which would

make an accident inevitable if some stationary object were

encountered. Every time a driver does this he takes a

risk which may involve him in a serious accident with

very serious consequences.
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The main difficulty, in this country at any rate, is the

question of habiUty when accidents occur at cross and

side roads. As the law stands to-day, no matter on what

road the motorist may be driving, there is an obligation

upon him to use every precaution to prevent a collision

with any vehicle or person emerging from any other road

which abuts upon the road upon which he is driving,

and the mere fact that he is driving on a main road

does not put him in any better position than if he were

driving out of a side road.

The Motor Car Act has placed an obligation on the

various County Councils to erect warning signs to indicate

special dangers, and where these signs have been erected,

and the motorist ignores them, his chances of evading

liability for any damage which he causes are very remote.

Unfortunately, no methodical system has been adopted

in the erection of these warning signs. In some counties

they are found at the approach of every side road, how-

ever important or otherwise the traffic on that side road

may be. In other counties they are to be seen only at

side roads where the traffic is fairly considerable, and in

other counties there are none at all.

This duty which is imposed by Parliament on the

County Councils has been very largely supplemented by
the Motoring Organizations, whose signs are to be found

on most of the important main roads in this country. It

is, however, in the opinion of many competent judges, a

great pity that the County Councils have failed to carry

out their obligations, and so necessitated the motorists'

own money being spent in this direction.

The general question as to what does or what does

not constitute negligence is, of course, a question to be

determined by the Court in each instance on the particular

facts in each case, and it would be impossible in a re-

stricted space to give many useful instances of whiat has

been held by the Court to be negligence, and vice versa.

It is, however, incumbent upon the driver of a car to

avoid taking any risks, and to be always prepared to deal



Fig. 299.—An American practice which combine.9 tlie sidelights in the

headlights. In Great Britain this practice i.s illegal, for the law

insists tliat the sidelights indicate the width of the vehicle at its

widest part.
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at once with any emergency which may arise. It should

also be borne in mind that the atmospheric conditions

enter largely into the control of a car. Whereas on a

dry day with rubber tyres a car can be pulled up in a

certain distance, on a wet day when the roads are greasy

the car would probably skid if an attempt were made to

pull it up in that distance ; and it is no defence in an action

for negligence to say that the damage was caused by the

car skidding, if it can be shown that by the exercise

of ordinary care, such as by driving slowly, the car

would not have skidded upon proper application of the

brakes.

Another instance of negligence is where a person drives

on the wrong side of the road and meets a vehicle which

is being driven on its proper side of the road. Assuming

that the person driving on the wrong side continues to

hold to that side of the road, the question arises as to

what the person who is on his correct side of the road

should do. If the person on his right side attempts at

the last minute to avoid a collision by driving on his

wrong side, and it hapjiens that the person who has been
on his wrong side suddenly attempts to get to his correct

side and a collision occurs, the question arises as to whether
the person originally on his correct side can succeed

against the other driver.

Everything depends upon the actual facts of the case,

namely, the speed at which the vehicles were being driven,

the contour of the road, and the other surrounding
circumstances. Speaking generally it may be taken as

settled law that if the road is a straight one and if the
person who is on his right side makes no effort to get out
of the way of the person who is on his wrong side, he
would be held to have been guilty of contributory negli-

gence and so would lose his case. The person who is on
his right side should do everything in his power to convey
to the person on his wrong side that he is on his wrong
side, such as bloMdng his horn or waving his hand ; and
it may well be that if in these circumstances such pre-
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cautions had been taken, and the person on his proper side

actually stopped his vehicle and was run into, he would
still be able to claim damages against the other driver, in

spite of the fact that he had not steered his vehicle on to

the other side of the road.

Another point which drivers ought also to bear in mind
is that in congested traffic it is very unwise to drive too
closely behind the traffic in front. In the Metropolis and
the larger cities a sudden stoppage of the traffic by the
police, or some other cause, which involves the very
sudden application of the brakes to the first vehicle,

without any intimation being given to the following

vehicles, with the result that the first vehicle is run into

by the vehicle behind, is often seen. This is usually

caused by the vehicle behind travelling too close to the

vehicle in front, and in such a case the following driver

would probablj^ be held liable for the damage done to the

first vehicle.

There is another very important consideration which

should not be overlooked by motorists, who take unneces-

sary risks in populated areas, and that is that consequences

may not only involve the owner and occupants of the

other vehicle, but may also result in injury to innocent

third parties, such as persons walking along the footpaths

or by the side of the road. It is always extremely diffi-

cult in these cases for the third party to elect against

which of the two or more vehicles involved in the accident

proceedings should be taken, and it has now been decided

by the Courts that where there is any doubt as to the

responsibility for the collision, the proper course for the

innocent party to adopt is to institute proceedings against

the drivers of all the vehicles concerned. Therefore,

although one may not be responsible for a collision, one

may find oneself involved in a lawsuit, the defence of

which is essential and the costs involved not inconsider-

able.

A very noticeable development in motoring took

place during the course of the late War, and that is the



568 MODERN MOTOR CAR PRACTICE

large increase in the use of motor vehicles for industrial

purposes. The Legislature has defined a heavy motor
car as one which exceeds 2 tons in weight unladen, the

maximum unladen weight allowed being 5 tons. So far

as these vehicles are concerned, there are special regula-

tions apphcable which have not been dealt with here.



CHAPTER XXIX

ROADS

Though the subject of this book is to cover the mechanism
of the motor car in its many phases, it cannot be complete
without some mention of the roads. As water is the
essential element to ships, and air to aircraft, so may
roads be termed the element which, so far as development
is concerned, must prove the vital factor in the future of

motor cars. In the year 1920 the population of Greater
New York was approximately 10,000,000, and that of

London 8,000,000. In the former town there were some
519,272 motor car owners, and in the latter, 151,987. In
the nature of things a time must come when this proportion

must adjust itself.

The reasons for such an overwhelming majority, more
than three times in fact, are numerous, and may be attri-

buted chiefly to the conservatism of the British people.

Many other considerations have played a part, and it

would, perhaps, be well to review them. London is an

old city and its development twenty years ago had reached

a much more advanced stage than that of New York at

that period.

In the residential districts of London no provision was
made for middle-class workers, who form the mass of

New York motor-owners, to house vehicles of any descrip-

tion, while the ownership of a car necessarily entails the

possession of a garage. In almost every case it is impos-

sible to build a garage in the small amount of garden

allotted to the individual houses in these districts. It

is, therefore, necessary for car-ownei-s to keep their

vehicles at public garages. These are, as a rule, few and
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far between ; the service they give is often bad, whilst

their charges are high.

Perhaps the most important factor in retarding the

progress of motoring in this country has, however, been

the obstinacy of British motor manufacturers in their

pohcy of neglecting the lessons which were learnt many
years ago by the makers of American cars. Whilst pro-

ducing cars which are admittedly the finest in the world,

the British manufacturer has not catered for the pockets

of the masses. He has flown too high, and has had to

search for his market, whereas the American has concen-

trated on mass production of a reasonably satisfactory

machine, and has catered for a market already waiting

for his products. British motor-owners who require cheap,

serviceable cars have patronized American products, and

have found that it was cheaper to pay the import duties

and freight rates on American-built vehicles than to

purchase home productions. If any British manufacturer

had put a good serviceable car on the market at a price

which would in any way compare with a similar American
production as sold in the U.S.A., the figures for 1920

would certainly have shown a much greater proportion of

car-owners in the London district.

We now come to the whole crux of motor car develop-

ment not only in London, but in the whole of the British

Isles—the roads. The previously mentioned elements,

which necessarily constitute the be-all and end-all of aerial

and marine travel, are beyond the powers of mankind to

control, but the highways are essentially artificial, and
the manner in which they are constructed to-day will

determine the progress and development of the traffic which
uses them to-morrow.

There is not a single unit in the whole mechanism of a

car which, for its design, must not be dependent entirely

upon the roads over which the completed vehicle is to

work. If uniformity of road contour and surface could

be obtained, motor cars could be simplified and modified

to such an extent that their cost could be reduced by
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more than a half. In the design of a car, provision must
be made for everj^ conceivable usage and misusage

;

above all, it must be built to last for a long period of

service. Our present-day main roads are uniformly bad ;

cars must, therefore, be built to withstand the very heavy
sti'ains which they are predestined to bear.

A time will undoubtedly come when the country will

have arterial roads connecting all the important centres,

and on the nature of these roads depends the future of

the motor car. It is a very expensive business, this road

question, and it comes at a time when the country is least

prepared to bear the heavy burden of taxation which the

construction of first-class highways will involve ; but,

even if the money is not yet forthcoming, the seeds of

future progress may well be sown in 1921.

All over the British Isles it will be found that main roads

have been built without any thought for the future.

Where the road-makers have encountered houses, farms,

and natural obstructions such as hills, rivers, and streams,

thej^ have carefully built their roads round them. The
obstructions have, in many cases, disappeared years and

years ago, but the road still winds its way round their one-

time sites. The arterial roads of the future must go

straight ahead like the railways. If obstructions are met,

they must be demolished or, if this is not economically

possible, the constructors must bide their time and sur-

mount the difficulty by a temporary makeshift.

Again, in the case of towns and villages through which

main roads at present pass, buildings are frequently being

demolished and new ones erected on the same site, but if

our roads are ever to be broadened, a restraining hand

must be laid on new building operations. Where new
streets are built, fully 120 feet of clear road space should

be left available for traffic ; and in the case of old high

streets where new buildings are now taking the place of

old, the highway authorities should claim so many feet

of the available land in order to anticipate the demands

of the future. The whole question can be summed up by
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saying that the only sure way to improve the roads is by

an intelhgent anticipation of the future.

There is, perhaps, no greater authority on matters

relating to the roads of Great Britain than Lord Montagu

of Beaulieu, who has for many years thrown his energies

wholeheartedly into the numerous problems confronting

the authorities responsible for the repair and construction

of the highways. One can, therefore, find no more fitting

conclusion for this chapter than the following special

contribution from his pen, prepared at the editor's request

:

One of the chief difficulties which the modern road

maker has to overcome is the fact that he has to provide

for so many classes of traffic. It is impossible to make the

surface of a road suitable for one class of traffic suitable

for the other classes. The user of horses wants to have

a rough, gritty surface on which the iron horseshoe will

obtain a good grip. The traction engine user requires a

road so strong and with such solid foundations that a

14-ton traction engine will not shake it. The ordinary

motorist wants a road with a smooth surface and the

absence of anything that will cut or damage pneumatic

tyres.

But the great diversity of interest is between the users

of animal and the users of mechanical transport, and the

difficulties of making a road surface to suit both are, in

my opinion, almost insuperable. There is, however, one

solution which has only just been tried, and which I think

promises well, namely, an alteration in the historic method
of shoeing the horse. Iii its natural state the horse has

within its hoof a wedge-shaped spongy substance, corre-

sponding to the sole of a man's foot, known as the " frog,"

and this is specially given to the horse by Nature in order

to prevent its slipping-. Now in the ordinary shoeing of

a horse this frog is cut away, and the poor animal is

therefore deprived of what Nature has provided to help

him stand up on a slippery surface. The proposal now
is to make use of a shoe of a shape which will not necessi-
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tate cutting away the frog, and it should also be possible

to invent some form of shoe made of a non-metallic sub-

stance or of some metal substance which is non-slipping.

It is rather in the direction of fitting the horse to the road

than the road to the horse that we should proceed.

Then, again, in regard to the traction engine. This is

a most destructive anachronism. Eight tons on one axle,

the legal limit allowed and often exceeded, is monstrous

in these days of more or less soft bituminous surfaces, and

the total weight of 14 tons, often 16 tons in practice, is

far too heavy a weight to use on any but the best roads

made with the heaviest foundations. Steps should be

taken, and due notice given, that at the expiration of a

certain period, say five years hence, no vehicle would be

allowed on the road weighing more than 10 tons, and

that no weight greater than, say, 5 tons, should be borne

on any one axle. And a provision might be made that

in order to allow the existing traction engines to work

out their spell of useful life, they might continue to work

at increasing taxation year by year, reaching a penalty

of a very high amount at the end of, perhaps, the tenth

year. The probabilities are that long before the end of

the tenth year we should get rid of the most destructive

machine on the road, and ratepayers and road users alike

would benefit.
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Accidents, Common Law liability

for, 563-7
Acts of Parliament, 554, 559, 56-t

Adler brake mechanism, 342-3
steering gear, 321

Air,

correction by diffuser, with
progressively emptying well,

74-9
correction by diffuser, with

quick-emptying well, 72-4
flow djTiamic correction, differ-

ential, 71-2

friction, correction by, 70, 72
shock absorbers, compressed, 383
starter, Wolseley compressed,

425-6
valve in non-automatic carbura-

tion, auxiliary, 67
Air-cooling, 104-5
Aircraft carburetters, 73, 84
Alcohol and alcohol mixtures, 127-8

fuel, 86-7
Aluminium, welding, 488—90
American double (shoe and band)

brakes, 345
electrical ajjparatus, 427-65

Ammeter, the, 441-2
Angus-Sanderson corrugated disc

wheel, 355
Anthracite fuel for producer gas,

145-7, 153-4
Argyll {Burt McC'ullom) single-

sleeve valve, the, 36
Armstrong-Siddeley front axle, 309,

311
one-piece frame, 300

Asbestos in clutches, use of, 218-19
Atomization of fuel, 66, 77-9
Atwater-Kent ignition, 458-60
Avro gearbox, 184-5
Axle casings, 280-1

shafts, 277-86
Axles,

defects and advantages of live,

240

Axles {continued)

double-redviction, 282-4
early live driving, 240-5
front, 307-11
later systems of live, 246-9

B
Balance gear, principles of, 274-7

Banjo or one-piece axle casings, 280-1

Batteries, 404-5
Bearings, ''split" connecting-rod,

19

Belt and chain transmission, 284-6
Bendix starter transmission, 407-10,

453-4
Benz, 5, 6

Benzol standard specification, A. A.

and M.U., 126
Bevel-gear drive, 286-8
Bijur constant potential generator,

443-51
Body-work,

developments in design, 527-36

manufacturing processes and
supplies, 542-53

materials and workmanship,
536-42

Boiling point of motor spirit, test for,

123-4
Bosch magneto {American), 415
Brake, clutch, 227, 231

Brakes,
Cardan or gear, 326-30, 334-6,

340, 344, 346-7
wheel, 329, 330-4, 336-43, 345-7

Braking with the engine, 210

British Engineering Standards

Association, standard tyre

sizes, 370-1
Brolt starter, 407,410-11
Brown, A. B., American carbura-

tion specialist, 67

Buick engine, lubrication of valve

gear in, 33
Buire axle, 244
Burt McCullom (Argyll) single-sleeve

valve, 36
Butler, Edward, 3, 4
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C.A. V. electric installation, 393 et

seq.

Cables used in- straight-side tyres, 369
Cadillac differential gear, 270
Cam-shaft, operation of valves by, 31

Cannstatt-Daimler axle, 243
Cantilever springs, 380
Canvas tyre covers, vulcanization

repair of, 524-5
Carburation and ignition mutually

dependent, 85-6
correction by diffuser air, 72-9
differential air flow dynamic

correction, 70-2
distribution and mixture heating,

79-82
effects of climate on, 84
floating vacuum valve used in,

67-8
importance of fuel atomization,

66, 77-9
manual override mixture controls,

79-82
mensiu'ation a vital function of, 65

proportional volume of petrol and
air for, 66

systems and principles of, 65-88
of mensuration by, 65-77

use of auxiliary air valve in, 67

variable choke effect with barrel

throttle, 69-70
Carburetter,

correction by air friction in

barrel throttle, 70
essential functions of the, 65-6
"Kreb's," 67

Carburetters, representative, 89-102
Cardan brake, 326-30, 334-6, 340,

344, 346-7
joints, 261-5

Castor and pivot steering, 320
Chain and belt transmission, 284-6

drive, 240, 265-9
Chandler brake system, 339-40

live axle system, 246-7
Charcoal for producer gas, 155-6
Chassis, Ensign, 52
Chenard-Walcker axle, 243
Choke effect ivith barrel throttle, 69-70
Citroen {herring-bone) gear, 287-8
Claudel-Hobson carburetter, 92-4

diffuser carburetter, 97-8
Climatic conditions and carburation,

84
Clutch brake, 227, 231

considerations affecting the fric-

tion, 213-19

Clutch (continued)

hydraulic, 234-7
linings, 218-19, 224
principles of design of the friction,

219-22
Clutches, cone, 220-7

essential requisites of motor car,

213
magnetic, 233-4
" resisting media" for, 213

Coachwork, see Body-work
Coal gas, 129-30, 133
Coil, adoption of Buhmkorff, 22

clutch, 221-2
ignition, 420-3, 454-60

Coke fuel for producer gas, 145-6,

154-5
Colour of oils, tests for, 123
Compressed air shock absorbers, 383

starter, Wolseley, 425-6
Cone clutches, typical, 220-7
Connecting-rod bearings, " split,"" 19

Coolidge X-Ray tube, 501-2

Cooling fans, 106-7
systems, engine, 103-9

Correction,

air friction, 70, 72
diffuser air, 72-9

Covers, vulcanizatioyi of tyre, 522-6
Cox-Cavendish commercial X-Ray

set, 504-6
Crank-shaft,
employed for dri^ng dynamo,

magneto, cam-shaft, etc., 25
length of, 54-6
suspension, 22, 23, 24

Criminal Law Amendment Act 1914,
559

Crossley back axle, 272

Cuff type sleeve-valve, 36
Cugnot, Nicholas, 2, 7

Cycle of operations in internal coyn-

bustion engine, 16—21
Cylinders, monobloc v. single, 38-9

types of, 38-9
welding broken, 486-8

D

Daimler (Coventry) band brakes,
346

(French) car, early transmission
system, 240

Gottlieb, 5, 6, 14
live axle system, 246
worm drive, 292-3

Dc Dion-Bouton double-reduction
axle system, 283-4

early brake system, 334-5
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I5e Dion-Bouton (co.itinned)

earlv transmission system, 242,
243

engine, first hisU-speed motor, (i

h.p. engine, 40
steering gear, 319-20

Ddage brake sysietn, 341
Vcico cicciricdl <i]>pariitus, 408,

438-40
Detachable rim wheels, 357-8
Diesel engines, 62-3
Differential air flow d\-naniio cor-

rection, 71-2
gear, 2(i9-77

Diffuser air carburetters, 72-!l

Disc gearing, frictional, 181-3
wheels, 352-5

Distribution and mixture hcatimj.

79-82
Doble steam car, 1611-72

Doors, inspection, 21

Dorman four-cylinder engine valee

gear, 30
Double de-clutch gear change, 207-8
Double-reduction axles, 281—4
Doughty process of tyre manufacture,

362-3
Dry sump lubrication system, 44
Dual ignitio)}, 422
Duetility of bituinoi, test for, 124-5
Dynamie stjclioa in earburafiou,

711-2

Dynamo, see Electric Equi}j)ncnt

EigJil-cyli)uler engines. o^-6
Electric appjaratus, Atncriean, am-

meters, 441-2
coil ignition, 454—60
comparative data, 427-31
generators, current regulated,

433-4
functions and control of, 434-41
types of, 443-53

ignition, 454—64
Electric arc welding, 481-5
Electric equipment ayul ignition,

batteries, 404-5
coil and battery, 420-2
dynamo, the, 390-4

drive, 397-8
maintenance, 398-9

early developments, 387-90
electrical output, 403-4

regulation, 394-5
ignition, 4, 21-4, 413-23
magneto, the, 413-20
single-unit installations, 411-12
starting motor, 405-11

Electric equipment and ig litio.i

{continued)

switchboard, 399-402
thermostatic control, 395-7
wiring, 402-3

Electric prinwrs, 464-5
Electro-magnetic transniissi(m, 11-12
Enfield-Allday brake systcin, 340

girder frame, 305
Engine cooling systems, 103-9

lubrication, 39-45
temperature control, 108-9
used for bralving, 2 1

Engines,
Diesel type, 62-3
eight-cylinder, 53-6
four-cj'linder, 47-50
liorizontal, 5 7

hot bulb or semi-Diesel, 02-3
internal combustion turbine,

63-4
radial, 58
single-cj'-linder, 46
six-cylinder, 50-3
two-cylinder, 47
types of, 46-(i4

Ensign chassis, 52
Epicyelic gear.

Ford steering, 320-1
Lanchester, 189-94
reverse system, 193
siiuple train, 185-7
sun and planet, 187-9

Evapioration, rapid, 85
Expandi)tg ring clutch, 220-1

Fabric clutch linings, 218-19, 232
Fans, cooling, 106-7
Fiat twelve-cylinder engine, 56
Final drive, 280-95
Flash point of oils, tests for, )21

Floating axles, 278
Flux, vulcanizing, 518
Forced feed lubrication, 44
Ford epicyelic steering gear, 320-1

front axle, 308, 309'

gearbox, 183-4
ignition, 422-3

Four-cylinder engines, 47-50
Frames, steel, 297-300

strength of, 300-6
timber, 296-7

Friction clutches,

mechanical details, 222-32
"seizing" in, 216-17
theories of resistance in, 215-16

Frictional disc gearing, 181-3
Front axles, 307-11

37
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Frood, Herbert, 219
Fuel alcohol, 80-7

atomization, importance of, 06,

77-9
distribution and mixture heating,

79-82
evaporation, rapid, 85
feecl systems, gravity, 110-11

pressure. 111- Hi

vacuum, 113-17
oxygenated paraffin, 129
paraffin as motor fuel, 87

Frtels for producer gas, alternative,

133, 153-7
various types of, 118-30

G
G.A'. Runabout transmission, 280
G.W.K. double-reduction axle, 282

frictional disc gearing, 181-3
Gaiters, spring, 381
Gas, coal, 129-30, 133

containers, 129-30
producer, 131-57

Gasolene (petrol), 118-25
Gear brakes, 320-30, 334-0, 340,

344, 346-7
changes, downward, 205-8

trick, 208-10
upward, 200-5

differential, 209-77
drive, bevel, 286-8
jjumjj assembly, 44
ratios, typical, 203
steering, 312-25
types of epicyclic, 183-94

Gearbox, Avro, 184-5
essential ccmponents of, 174-0
Ford, 183-4
four-sj^eed, 176-8
leverage principle sujjplied by the,

173-4
principles of control in, 179-81
reverse movement in, 179
welding broken, 489-90

Gearing, frictional disc, 181-3
Generators,

care and maintenance of third
brush, 442-3

functions and control of, 434-41
types of, 443-51

Glass, safety, 471-2, 548
Gleasan bevel-gear, 288
Gra vity fuel feed, 110-11
6?()/j V-type eight-cylinder engine,

54^5

H
Hajnptoi brake system, 340

Hand control of mixture in carhura-

tion, 79-82

Hardy flexible joint, 263

Harvey Frost vulcanizers, 515-18

Heating of mixture in induction

systems, 79—82

Heavy oil engines, 62-3

Hele-Shaiv corrugated multiple

plate clutch, 220-1, 229-32

hydraulic clutch, 235-6

Highways Act, 1890, 554
Hispano-Suiza brakes, 341-2

six-cylinder engine, 60

Holley carburetter, the, 98-100

Honeycomb radiators, 107

Hoods and screens, 466-77
Horizontal engines, 57
Hot-bulb or semi-Diesel engines, 62-3
'^ Hot-spot ^^ mixture heating, 81

Hotchkiss wheel brake, 343-4
Hycraulic clutch, 213-14, 234-7

Hydrometer, C.A.V., 404r-5

lanition and carburation, 85-6
"electric, 4, 21-4, 413-23, 454-64
tube, 21

Induction pipe mixture heating, 81

Inductor typie magneto, 460-4
Injection, i7nportancc of turbulence

in, 31-2
Inspection doors, 21

Interned, combustion engine, cycle of

operations in, 16-21
first, 2-3

English, 3-4
interdependence of lubrication

and cooling, 24—8
principles of the, 13-16
resume of working operations in,

28
turbine, 63-4

Itala rotary-valve, 37

Jenkin guick starier, the, 101-

Knight engine, the, 34-6
Knight, John Henry, 5

Lagonda front axle, 309
Lanehester epicyclic gearing, 189-94
worm chi%'e, 288-90
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Law conccrninq motors anil motorinq.
the.

driving regulations, 559-liO
endorsement of licences, 5lil-2
essential equipment, ofiT-S
liability for negligence, 5(.io-7

obstruction, 562-3
registra'tion and licences, 555-7
taxation of cars and cycles, 555
third party risks, 567

Leaf springs, 377-81
Leather for clutch linings. 218. 224
Lenoir, 3

Levassor, 5

Licences, endorsement of, 561-2
registration and driving, 555-7

Lighting regulations, 557-8
Live axle transmission, 250-61
Live axles,

defects and advantages of, 245
early examples of, 240-5
later systems of, 240-9

Local Government Board, 554, 559
Long-stroke motor, 50
Lubrication,

dry sump system of, 44
essentials of, 42
of valve gear, 33
splash system of, 42-3
theory of, 40

M
Magnetic clutch. 213-14, 233-4
Magneto,

design and construction of, 413-
20, 460-4

development of, 22
Manual ovenirle mixture controls,

82-4
Mark'us, Siegfried, 2, 3

Maries steering gear. 322-3
Master electrical primer, 100-1

Matericds, X-Ray examination of,

494-513
Mechanical details of friction

clutches, 222-32
starting apparatus, 423-6

Melting-point of aspludts and greases,

125
Mensuration by carburetters. 65
" Metalzene " moulding for vulra}ii-

zaiion, 523
Michelin disc wheels, 353-4
" Mixed flow" carburetters, 72-4

Mixture controls, hand, 82-4

heating and distribution, 79-82

Monrjbloc V. single cylinders, 38-9

Montagu rjf Bcaulieu, Lord, iJT2

Morgan RumdmnI transmission
285-6

Moseley cord /yns, 3ii4

Motor Car Act, 190!, 554. 559-64
Motor spirit.

Allied specilications for, 125
specific gravity of ordinary, 125
tests used in produ^tijn of, 120-4

Multiple platr clutch, 220-1 229-32
' Murdock, 2

N
Napier live axle system, 246

•v\orm di'ive, 293
Xcgligon-e, liability for, 563-
North East starter, 451-3

O
Oil feed, m-thods of. 42-5
(J'ds. tests employed in production of,

120-5
tjprn circuit buttery ignition system,

458-60
Ormnndy, W. R., 87
Overland engine, 59
Oxy-acetylene welding, 486-90
Oxygenated paraffin, 129

Palmer cord tyres, 364

Paraffin as motor fuel, 87
oxygenated, 129

Peat fuel for producer gas, 145. 156-7
Penetration of aspludts, test for, 124
Petrol and substitutes, 118-30

tests emploved in production of,

120-4
Petrolcunt,

distilled products of, 119-20
mixtures as fuel, 128-9
theories of origin of, 118

world's production of, 119

Peugeot Cardan brake, 344
Pilain^s a.vle, 243
Plate clutches, 221, 227-32
Plunging-joint in transmission , 26 1

Pneumatic tyres, early Michelin and
Dunlop, 358

Poppet-valve assembly, 32

Poppet-valires, 32-4
method of housing, 35

Porthos axle. 244
Pressure feed lubri-ation, 43

fuel feed, 111-13
Principjles o/ clutch design, 219-22

differential gear, 274-7
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Producer ga.i,

alternative fuels for, 133, 153-7

analyi^is of exhaust, 152-3

and ])eti-ol, comparative con-

sumption data., 135

considerations governing grate

area';, 140-1

early j^lants foi', 137-8
effect on petrol engines, 148-50
engine design for, 143-5
])lant, arrangenrent of, 141-3

steam and petrol, comparative
running costs data. 130-7

summary, 133-5
upkeep costs of plant for, 150-1

Propeller-shaft design. 249-54
Pump assembly gear, 44

system of \^ater-coo!inQ. K>7-8

R
Pack and pinion steering gear, 312-13
Padial e?igines, 58
Radiators, 106-8
Peeords, early racing, 9-10
Pegistration of cars and cycles, 555
Pemy thermostatic control, 39(1-7

Roads, 569-73
Rotary-valve, Itala, 37
Rover 8 h.p. engine, 47

Pudge-Whitworth wire irhcels, 350-1

Ruhmkorffcoil, 22
Puston-Hornsby gearbox, 240

S

S.C.A. live axle transmission, 253
S.C.A.T. live axle .'system, 247-9
" S.U." Carburetter, the, 89-90
Sankey wheel, 352, 356
Screens and hoods, 460-77
Semi-Diesel or hot bulb engines, 62
Senspray carburetter, the, 91-2
Serpollet .steam car, the, 100-1

Setting-point of oils, tests Jor, 123

Signs, road, 504
Silent Knight sleeve-valve, the, 34-6
Single-cylinder engines, 46

motor, characteristics of, 18

torque effect in. 17

Single plate clutch, 220-1, 227-9
Single-sleeve valve, the Argyle {Burl

McCullom), 36
Single-unit motor generators, 451-3
Six-cylinder engines, 50-3

Hi.'pano-Suiza engine, 60
Sizaire-Berwick four-c\i inder engine,

49
oil feed, 40

Sleeve-valve, cuff type, 36

Silent Knight. 34-6

Slipping clutch gear change, 205-7

Smith Uni-Jet carburetter, the, 94

Specific gravity of oils, tests for,

120-1
Splash system of lubrication, 42-3

"Split" connecting-rod bearings, 19

Spring gaiters, 381

Springs.
auxiliary, 384
essential functions of, 374-7

leaf. 377-81
lubrication of, 381-2

" Square " motor, 50

Stanley steam car, the, 160-72

Star-type universal-joint, the, 262

Starting apparatus, mechanical,
423-6

motors—see Electric Ec/uipment

Steam cars, 158-72
coaches, 2, 7—8

Steel frames, pressed, 297-8
stamped, 298-300

wheels, pressed, 352
Steering gear, cam and roller, 322-3

castor and pivot, 320
Ford epicyclic, 32tl-l

rack and pinion, 312-13
various types of, 312-19
worm and nut, 321-2
"u^orm and qua.drant, 312-18

pillar, position of, 324—5
right-hand v. left-hand, 194-8

Straight-side v. beaded-edge tyres,

367-9
Stranglers or air .shutters in,

carburetters, 85
Submerged jet correction in carburet-

ters, 72
SiLspension—see Springs
Swift engine, 12 h.p.. 29
Switchboards. 399-402

Tables,

comparative i-unning costs of

steam, producer gas, and
petrol vehicles, 136

statistics of American electrical

apparatvis, 427-31
tyre loads and pressures, 372

Taxation of cars and cycles, 555
Temperature . metJiods of controlling

engine, 108-9
Tests employed in oil production,

120-4
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Thermit ircldinrf proces'^!, 4S5-G
Thermostatic engine temperntnrc

control, 108-9
Thermo-syphon wciter-eooiing, 10.5-7

Throttle, variable choke effect with
barrel, 69-70

Timber,
frames, 296-

7

wheels, 348-51
Torque, engine, 48, 53
Transm^ission,

chain and belt. 284-r»

electro-magnetic. 11-12
live axle, 254-(31

systems, early, 240-5
later, 245-9
problems of. 238-40

Transport, Ministry of, 558
Trevethick, Richard, 2, 8

Triplex glass, 471-2, 548
Tube, ignition, 21

joining by vulcanization, 520-1
repair, 518-20

Tubular radiators, 106-7
Turbiyie engines, internal combustion,

63-4
Turbulent mixture, importance o/,

31-2, 84-5
Turner-Miesse steatn car, the, 160-1
Twelve-cylinder Fiat engine, 56
Two-cylinder engines, 47
Two-stroke or ''valueless'^ viators,

59-61
Types of engines, 46-64
Tyres,

beaded-edge v. straight-side,

367-9
Doughty process, 362-3
early manufacturing processes,

360-2
fabric in, 363-5
functions of, 359-60
load and pressure table, 372
non-skidding, 363, 369-70
rim attachments for, 365-6
standardization of, 370-1
vulcanizing, 514-26

U
Uni-Jet carburetter, the Smith, 94
Universal-joints, 261-5

V-type eiglit-cylinder engine, 5.5-6,

Vacuum fuel feed, 113-17
valve in carburation, floating,

67-8
Valve fitting by vulcanization, 522

gear in Buick engine, lubrication
of, 33

Dorrnan four-cylinder en^dne,
30

Itala rotary, 37
meclianically-operated intake, 30
operations, theoretical cycle of,

20
systems, 29-37

" Valveless" or two-stroke motor,
59-61

Valves,

importance of correct timing, 20
in 12 h.pi. Swift engine, 29
operated by overhead cam-shaft,

31

poppet, 32-4
sleeve, 34-6

Variable choke effect with barrel

throttle, 69-70
Vauxhall differential gear, 271, 273

front axle, 309
Viscosity of oils, tests for, 121-3
Vulcanization of covers, 522-6
tube joining by, 520-1

repair by, 5'l8-20

valve fitting by, 522
Vidcanizing appliances and methods,

515-18

W
Warlaiul detachedilc rim, 358, 366

Weder-cooling

,

pump system, 107-8
thermo-syphon, 10.5-7

WcMther, protection from bad. 466-77

Wefco spring gaiters, 383
Welding,

essential ])lant, 490-1

high standard of skill, 479-81

processes and materials, 481-90
when advisable, 478-9

Wheel brakes, 329. 330-4, 336-43,
345-7

Wheels, detachable rim, 357-8

disc, 352-5
pressed steel, 352
timber. 348-51
wire, 350-2

White and Poppc carburetter, the,

90-1
" White spirit," 125-6

White steam car, the, 160
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Willys-Overland front axle, 31U
Wirmg systems, 402-3
Wolseley compressed air starter,

425-6
worm drive, 293

Wooden wheels, 348-51
Worm and nut steering gear, 321-2
andquadrant steering gear, 312-18

Worm-gear drive, 288-95

X
X-Bay ajiparatus, ariangi;ruent of,

503-9
examination of materials, 497-5K?.
tubes, 500-2

X-Rays, jiropcrties of, 498-500

Z
Zenitli carburetter, the, 95-7
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